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HAZARDOUS WASTE Tile
WORKER HOW TO USE THIS MANUAL

MANUAL OBJECTIVE

HOW TO USE THIS
MANUAL

THANK YOU

The Hazardous Waste Worker manual presents training
information and other important aspects of what you must
know to work safely, effectively, and efficiently on a
hazardous waste site. It will instruct you in the types of
hazards and situations you can encounter on the job site,
the protective measures and equipment you will use, as
well as safety and health issues. In addition, this 80-hour
course meets the OSHA requirements for 29 CFR 1910.120
certification.

The manual introduces you to the topics covered in OSHA’s
Hazardous Waste Operations and Emergency Response
Standard 29 CFR 1910.120 and examines how this
standard affects you on the job. Each Section covers a
major component of the job. Concepts you will learn in
each section are listed at the beginning as Trainee
Objectives. At the end of each section, you will be
expected to complete an Assignment Sheet. In addition,
several sections include Standard Operating
Procedures, which are hands-on exercises to help you
become familiar with various procedures and equipment.

At the back of the manual, you will find a copy of OSHA
standards necessary to your job as a hazardous waste
worker. The Appendix section also contains additional
information on understanding regulations and accessing
OSHA. Words and acronyms that are italicized in the text,
are found in the Glossary with their definitions.

Thank you for placing your trust in Laborers-AGC training
manuals. We believe this manual will instruct you in the
most significant, useful, and up-to-date technical
information and safety aspects of your job.

© Laborers-AGC, June 2000
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Section

HAZARDOUS WASTE
WORKER

Title

HAZARD RECOGNITION

TRAINEE OBJECTIVES
After completing Section 1, you will be able to:
1. Match the following words with the proper definition or example:

Air reactive materials
Biological waste
Chemical reactivity
Combustible

Corrosives

Flammable

Flammable range

Flash point

Oxidizing materials
Water reactive materials

2. Define the following terms and acronyms:
Accident Safe work practices
Engineering controls Toxic
LEL UEL
LFL UFL
Safety
3. Identify two approaches to hazard recognition.
4, Identify the three general categories of hazards on a hazardous waste site.

5. List the four types of chemical hazards.
6. List the three elements of the fire triangle.

7. Explain the difference between combustible and flammable materials.
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10.

11.

12.

13.

14.

15.

16.

List the physical states in which chemicals are usually found.
Identify the five forms of airborne contaminants.

List the 12 types of physical hazards.

Identify the two types of radiation.

Identify safety hazards that are common to both hazardous waste sites and
construction sites.

List the two main approaches to reducing or preventing accidents.
List the three general site safety procedures used on hazardous waste sites.
List five conditions to watch for on a hazardous waste work site.

Identify three common ways engineering controls seek to eliminate, control, or
contain a hazard.

1-2
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1

INTRODUCTION

RECOGNIZING
HAZARDS

Site Characterization
Approach

Laborers know that construction work of any type can be
dangerous. In response, the typical Construction Craft
Laborer (CCL) develops a sixth sense for spotting
hazards on the job. This skill is developed through
experience, training, and sharing stories with co-workers.
The ability to recognize and respond to hazards is very
important to the health and safety of any worker.
Although many aspects of hazardous waste work are
similar to other types of construction work, there are also
unique aspects to it.

The purpose of teaching hazard recognition is to improve
the worker’s ability to identify hazards found in
hazardous waste work. Recognizing a hazard is an
important step in protecting oneself from injury, illness,
or death.

There are two different approaches to hazard recognition:

e Site characterization — a formal and scientific
identification and evaluation of the hazards on a
hazardous waste site.

« Common sense — an approach that every worker can
use.

Site characterization is the procedure that is followed
during the initial investigation of a site to determine the
hazards present. This step is critical to the success and
safety of the cleanup effort. It requires a team of
technical specialists to investigate the site, interpret the
results, and develop a program to address the hazards of
the specific site. Site characterization involves the
following steps:

Gather information on the history of the site
Survey the boundary of the site

Perform an on-site survey

Evaluate data and develop a safety and health plan

L
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Gather Information on
the History of the Site

Survey the Boundary of
the Site

Perform an On-Site
Survey

Evaluate All Data and
Develop a Safety and
Health Plan

The first step involves basic research about the site, such
as its location and how it was contaminated. This step
involves activities such as:

e Researching company records

* Interviewing former employees and nearby residents

* Reviewing local fire, police, and court records, etc.

e Gathering information on geology and terrain, the
nearby population, and access routes

After basic research on the site has been conducted,
specially trained workers visit the site to monitor for
possible hazards. These technical specialists do not go
onto the site. Instead, a survey is done around the
boundary of the site. Observations are made of
conditions on the site. Air samples are taken at the edge
of the site to gather further information about potential
hazards. Soil and water samples also may be collected
for analysis.

During the on-site survey, technical experts go on the site
to perform further hazard evaluation. Because the exact
nature of the hazards is still unknown at this point,
these workers wear the highest level of personal
protective equipment (PPE) required. Working in teams,
they perform additional air, water, and soil sampling.
They also put together an in-depth inventory of any
container locations, evaluate the conditions of the wastes,
and try to identify the presence of unusual hazards, such
as highly corrosive materials. Metal detectors and
ground penetrating radar may be used to locate buried
wastes. Sometimes photographs are used to further
document site conditions.

Once the on-site survey is done, all the relevant
information is examined and reviewed. The goal is to
develop a profile of the site hazards. The different
materials found at the site are analyzed so that the
chemical composition can be established. A material
safety data sheet (MSDS) is used for each chemical to
determine its chemical properties, from flammability
limits to Occupational Safety and Health Administration
(OSHA) exposure levels. This information is then used
to determine what types of PPE will be needed by CCLs
and other workers on the site during clean-up activities.

1-4
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1

The Common Sense
Approach

The Limitations of the
Common Sense Approach

It is important to realize that site characterization is not
finished at this point. Rather, it continues for the
duration of the job.

Workers are briefed on the site characterization. This
site-specific briefing gives workers the chance to
familiarize themselves with the types of chemicals on-
site, the hazards to expect, and the PPE that is needed.
The location of the wastes, the type of terrain, and the
safety features of the site plan all are reviewed. The
briefing is a good time for workers to ask questions about
the hazards of that specific site.

There are many types of potential hazards on hazardous
waste sites. The ability to spot these hazards is an
important skill for workers to have. By using a common
sense approach, workers gain a basic understanding of
the actual site hazards, as well as potential hazards by
asking themselves the following questions:

e Are there areas of dead vegetation or dead animals?
This is an indicator that chemicals are likely to be
found.

* Are barrels, drums, tanks, or other containers
present? Do any of the containers appear to be
leaking? Are they corroded or bulging?

o Are there pits, ponds, or lagoons present? Are there
discolorations or any indication that chemicals are
present?

e (Can chemical odors be detected?
e Are there any safety hazards such as trenches?
e Are there obstacles or debris in the area?

e Are drums stacked in an unstable manner?

While several types of hazards may be openly observed
(e.g., safety hazards), it is important to remember that
observation alone can lead to a false sense of security.
Common sense alone is not enough for these jobs. Some
sites look perfectly safe. Drums may be buried or
chemicals may be present at levels too low to be detected

© Laborers-AGC, June 2000
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TYPES OF HAZARDS

CHEMICAL HAZARDS

Toxic Chemicals

by smell or have no warning properties. It is important
to understand that the common sense approach has
limitations. Hazardous waste sites are unique in that
hazards are hidden and must be investigated carefully.
These hidden hazards make hazardous waste work more
dangerous than other construction work.

A hazardous waste site contains a variety of hazards,
which can be grouped into three general categories:

1. Chemical hazards
2. Biological hazards
3. Physical hazards

It is important to know why many chemicals are
considered hazardous. The information will help workers
to better understand the hazards and the important role
of site characterization and drum sampling.

The presence of chemicals creates a number of hazards
for workers on a hazardous waste site. While almost any
type of landfill has chemicals in it, hazardous waste sites
tend to have much higher chemical contents. Chemical
hazards include the following:

* Toxic chemicals

» Corrosives

e Carcinogens

* Reactivity hazards

A toxic chemical is a poisonous substance. Chemicals are
considered toxic if they are capable of causing damage to
the health of people or wildlife. In reality, all chemicals
are potentially hazardous. From a toxic standpoint,
chemicals may be only slightly dangerous, such as
acetone or highly dangerous, such as hydrogen cyanide.

To understand how hazardous a chemical is, the
following information is needed:

e Toxicity of the chemical
e Exposure time to the chemical
e Concentration of the chemical

1-6
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Corrosives A corrosive chemical attacks and destroys the material it
comes in contact with. Common corrosive chemicals are
acids, bases (caustics), and halogens. They produce a
destructive chemical change, whether it be on wood,
rubber, steel, or skin. Some examples of corrosives are:

e Acids
— Acetic acid
— Sulfuric acid
— Hydrochloric acid
— Nitric acid

» Bases (caustics)
—  Sodium hydroxide
- Potassium hydroxide

» Halogens
— Jodine
— Fluorine
— Chlorine

The pH (potential of hydrogen) scale indicates corrosive
strength (Figure 1-1). It ranges from 0 to 14. The
strongest acid has a pH of 0. As the pH number
increases, the strength of the acid decreases. The
midpoint of the scale is 7, which is neutral. As the
numbers increase past 7, caustic strength increases, with
14 being the strongest base.

Stomach Acid Distilled
1.7 Water )
' 7.0 Ammonia Lye
Vinegar Milk 11.5-12 13.5-14
2.4-34 _ . 5.7-8 Blood Bleach
Acid Rain ™ 7.3-75 12.6
<5.6
\/
\/ \/ \{ Y Y \/ \/ \

0 1 2 3 4 5 6 8 9 10 11 12 13 14

<«——— Acid strength increases Base strength increases ———

Neutral

Figure 1-1. This pH Scale shows the pH Value of some common substances.
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Acid rain is an example of acidity in the environment.
Water is normally close to a neutral pH of 7. Acid rain is
defined as precipitation having a pH of 5.6 or lower.
When acid rain falls on lakes and ponds, it lowers the
neutral pH of the water. The increased acidity can kill
fish, vegetation, and wildlife.

In addition to acids and bases, halogens are also very
strong corrosives. They do not occur freely in the
environment because they react too easily with other
chemicals. They form dangerous compounds that are
often encountered on hazardous waste sites. Extreme
caution is necessary when handling halogen compounds
because they bond easily with hydrogen to form acids.
For example, chlorine and bromine bond with hydrogen
to form hydrochloric acid and hydrobromic acid, two of
the strongest acids known.

There are several things to know about corrosives:

* Adding water to a strong corrosive results in a weaker
corrosive. A 90% solution of acetic acid destroys skin.
A 6% solution of acetic acid is called vinegar and is
safe to eat on a salad.

* Acids and bases tend to neutralize each other. If a
strong acid is mixed with a strong base, the resulting
solution would be neutral. However, this should
never be done without technical guidance because of
the possible violent reaction and tremendous release
of heat due to the reaction.

e Corrosive materials break down steel containers.
This means there is a greater hazard in handling old
drums filled with corrosives than new drums.

Testing for the pH level is done during drum sampling.
There are three main reasons for doing pH testing:

1. Drums containing corrosives must be reported as part
of the site characterization survey so precautions can
be taken.

2. If drums contain acids and bases, they must be
separated and kept away from any drums that

1-8
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Carcinogens

Reactive Hazards

contain cyanides and sulfide wastes. An acid mixed
with cyanide forms deadly cyanide gas. Cyanide
wastes are produced by many metal treatment
processes, so they are fairly common in hazardous
waste sites. Deadly hydrogen sulfide gas is given off
when mild acids are mixed with sulfide wastes.
Sulfide wastes are also common.

3. Weak acids and bases (sulfide- and cyanide-free
bases) are sometimes blended together on-site to
neutralize them. This must be done with great care
and only under the direct supervision of a technical
expert such as a chemist. Neutralization can lower
the disposal costs for these wastes.

Chemicals that cause cancer are called carcinogens. In
its 9th Report on Cancer, the National Toxicology
Program lists 65 agents, substances, mixtures, and
exposure circumstances that are known to cause cancer.
Additionally, they list 153 agents, substances, mixtures,
and exposure circumstances as potential causes of cancer.

Determining the cause of cancer in humans is difficult.
There is usually a long period between exposure and the
appearance of cancer. This period is called the latency
period. The issue of whether or not there is a safe dose
for a carcinogen is controversial within the scientific
community. Some scientists believe any exposure, no
matter how small, carries some risk.

A chemical reactivity hazard is a chemical that is likely
to undergo a chemical reaction (change) that produces a
chemical or physical hazard. For example mixing bleach
and ammonia produces chlorine gas, a toxic chemical.
Calcium carbide and water produce acetylene gas, which
is flammable.

Chemicals are compatible when they can exist in close
and permanent association with each other and not
create a hazard. If chemicals are combined in a chemical
reaction that results in a hazard, then the chemicals are
said to be incompatible. Many operations on waste sites
involve the mixing of or contact between different
chemicals. It is important to know ahead of time if
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Physical States

Solids

Liquids

chemicals are incompatible so precautions can be taken
to ensure they are kept separate. Compatibility tests are
done to identify incompatible chemicals.

Chemicals are usually found in one of three physical
states. These states are:

 Solid
e Liquid
e QGas

A chemical’s state determines how exposure occurs and
what parts of the body will be affected. For example,
chemicals that are gases can be inhaled and will
probably affect the lungs. Liquids are more likely to be
absorbed by the skin.

Solids have a definite shape and volume. They can
present different types of hazards. A large solid, like a
concrete block, may cause a physical hazard such as
tripping or falling. Small solids may be health hazards if
they’re inhaled. An example is the solid particles
produced when cutting a concrete block with a saw.

Some solids may be so small they can only be seen with a
microscope. Road dust, dust from pavement cutting, and
pesticide powders are all examples of solids that can be
health hazards.

A liquid is a material that flows and takes the shape of
its container. Most liquids become solids at low
temperatures and gases at high temperatures. For
example, water is a liquid at normal room temperatures,
becomes a solid at 32°F (O°C) and turns to a gas at
212°F (100°C).

Some liquids form gases at normal temperatures. The
gases are called vapors. Every liquid has a vapor
pressure which determines how easily a liquid gives off
vapors. A liquid with a low vapor pressure gives off
vapors slowly, such as heating oil. A liquid with a high
vapor pressure gives off vapors easily, such as gasoline
and toluene. These liquids are considered volatile.
Liquids that are volatile (have high vapor pressures) are
more hazardous because the vapors can be flammable,
explosive, or cause adverse health effects.

1-10
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1

Gases

Airborne
Contaminants

Dusts

Fumes

On a hazardous waste site liquids can be fire, explosive,
corrosive or reactive hazards. Examples of hazardous
liquids are gasoline, benzene, and hydrochloric acid.

Gases have no definite shape or volume—they expand to
fill their containers. They mix with air at normal
temperatures. Nearly all gases become liquids or solids
if cold enough. Some chemicals are in both the liquid
and gas forms at normal temperatures. For example,
gasoline is a liquid at normal temperatures and also
gives off vapors.

Vapor density is the weight of a vapor or gas compared to
the weight of an equal volume of air. Air has a vapor
density of 1. Gases and vapors that are lighter than air
have a vapor density less than 1. For example, methane
has a vapor density of 0.554. Gases and vapors that are
heavier than air have a vapor density greater than 1.
Hydrogen sulfide (sewer gas) has a vapor density of
1.189.

Because gases and vapors behave like air, they move
quickly and present special hazards. For example, a
hazardous gas that is heavier than air can settle in the
bottom of a trench, creating a hazardous atmosphere.
Gasoline vapors can travel a hundred feet or more to an
ignition source before they ignite and race back to the
liquid source.

Worker exposures are often the result of airborne
contaminants such as dusts, fumes, gases, mists, or
vapors. Each of these contaminants have different
actions and physical properties.

Dusts are solid particles suspended in air. They are
produced by crushing, grinding, sanding, sawing, or the
impact of materials against each other.

Fumes are solid particles in the air, just as dust is. They
are usually formed when metals are heated to their
melting points, especially during welding or soldering.
Chromium and nickel exposures are found when fumes
are generated from stainless steel that is arc welded. In

© Laborers-AGC, June 2000
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Gases

Mists

Vapors

plumbing, lead fumes were produced when molten lead
was used. Lead fumes are also generated by melting
lead to make fishing sinkers.

Fumes may also be produced by heating asphalt during
road paving. An ingredient used in this process is called
coal tar pitch. Fumes from coal tar pitch are a serious
cancer threat.

There are numerous examples of hazardous gases. Some
gases, such as methane, may cause workers to suffocate
by displacing the oxygen in the air. Many fatalities have
occurred due to the improper entry of confined spaces,
such as underground silos containing manure. As the
manure decays it generates methane gas that displaces
the oxygen. Workers may be exposed to some gases
without knowing it. Carbon monoxide is a by-product of
the internal combustion engine. It is a gas formed by
burning carbon-containing materials such as coal, oil,
gasoline, wood, or paper. The chief source of carbon
monoxide in the environment is the automobile. Carbon
monoxide has no warning properties. It is odorless and
colorless, and doesn’t irritate the nose, eyes, throat, or
lungs.

Mists and fogs are fine droplets of liquid suspended in
the air. Fogs may be created by vapors condensing to the
liquid state. Mists are droplets being splashed or
sprayed. Examples of mists in construction include oil
mist sprayed onto concrete forms, and paint spray mists.

Vapors are gaseous forms of certain materials that are
usually solid or liquid at room temperatures. Vapors
may be formed when liquids or solids are heated. Some
materials, such as solvents, form vapors without being
heated. A solvent vapor exposure is one of the most
common exposures on hazardous waste or construction
sites. Mercury is an example of a metal that vaporizes at
room temperature and can be a serious health hazard.

1-12
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BIOLOGICAL Biological hazards either are infectious waste or related

HAZARDS to the physical environment of the hazardous waste site.
Infectious waste normally comes from hospitals and
medical laboratories. In the past, such waste was
discarded with few precautions. Currently, regulations
require that infectious waste be disposed of in special red
bags. The bags are marked with the international
biohazard symbol. Like chemicals, infectious waste can
be scattered throughout an area by wind and water.
Special precautions should be taken when handing
biological waste.

Sometimes animals and insects on the site play a role in
the infection process. For example, rodents at the site
can be carriers of the rabies virus. Certain types of ticks
carry microorganisms that cause Rocky Mountain
Spotted Fever and Lyme disease. Unlike chemicals,
biological hazards contain living organisms which use
the body as a host.

In addition, plants and wildlife present their own natural
hazards. Poison ivy, poison oak, and poison sumac can
cause severe skin irritations. Depending upon the region
of the country, workers may also have to watch out for
various poisonous reptiles and spiders, such as
rattlesnakes, copperhead snakes, and scorpions.

Biological wastes are not usually found mixed with
industrial wastes. Sludges from sewage treatment
plants are the exception. They tend to resemble other
chemical wastes in appearance.

Precautions for biological hazards are similar to those for
chemicals—skin and respiratory protection are required.
Workers should take special care to ensure that cuts or
scrapes are not exposed in any way.
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PHYSICAL HAZARDS

Fire Hazards

A physical hazard is any harmful levels of
electromagnetic radiation, noise, vibration, temperatures,
or light. This also includes any chemicals classified as
the following:

e Combustible liquid
 Compressed gas

e Explosive

 Flammable

e Organic peroxide

e Pyrophoric

e Unstable or water reactive

Fire requires three elements—fuel, oxygen, and heat.
These three elements are represented by the fire triangle
(Figure 1-2). If any one of the three elements is removed
or missing, fire is not possible. For example, water puts
out a fire by removing the heat, while a fire blanket
smothers a fire by removing the oxygen.

Fuel
(Gas, Vapor, etc.)

Oxygen Heat

Figure 1-2. Fire requires fuel, heat, and oxygen.

Many materials on a hazardous waste site can act as fuel
for a fire. These materials are classified as either
flammable or combustible. They give off vapors that mix
with the oxygen in the air. These vapors burn and are
able to sustain a fire. (Note: It is the vapors that burn
and not the liquid.)

1-14
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Flammable and
Explosive Limits

The difference between a combustible material and a
flammable material is the temperature at which the
material releases enough vapors to sustain a fire. This
temperature is called its flash point.

Flash point is the lowest temperature at which a
material gives off enough vapors to form an ignitable
mixture with the air. A material’s flash point indicates
its flammability. A low flash point means a high
flammability because vapors are released at a lower
temperature. Many solvents, such as acetone, have flash
points that are lower than room temperature. These
solvents are highly flammable.

The Department of Transportation (DOT) defines
flammable and combustible materials as follows:

e Flammable material — any material with a flash point
below 100°F (37.8°C).

* Combustible material — any material with a flash
point between 100°F and 1,500°F (37.8°C and
815.6°C).

To illustrate the difference between flammable and
combustible materials consider gasoline versus home
heating oil. Gasoline is a flammable liquid and home
heating oil is a combustible liquid. Both materials burn.
But gasoline is more hazardous because it gives off
vapors at normal temperatures.

Another factor related to flammability is the vapor
concentration in air. The lowest concentration that can
support combustion is called the lower flammable limit
(LFL). Vapor concentrations lower than the LFL do not
contain enough fuel to burn and are said to be too lean.
The upper flammable limit (UFL) is the highest
concentration of vapors that can support a fire. Levels
above the UFL are said to be too rich. The fuel displaces
the amount of oxygen needed to support a fire.

© Laborers-AGC, June 2000
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The concentrations between the LFL and the UFL make
up the flammable range (Figure 1-3). For example,
gasoline vapors have a flammable range of 1.4% to 7.6%.
This range is the concentration of fuel vapor necessary to
become flammable in the presence of oxygen and an
ignition source. Below the fuel vapor level of 1.4%, the
mixture of fuel and oxygen is too lean to support
combustion. Above 7.6 %, the mixture is too rich to
support combustion.

Explosion

LEL or UEL

Fire

St e

LFL UFL

Figure 1-3. Explosive and Flammable Ranges

A chemical’s explosive range is the same as its flammable
range. The lower explosive limit (LEL) is the same
concentration as the LFL and the upper explosive limit
(UEL) is the same concentration as the UFL. There is
only one difference between the two ranges:

e Flammable range refers to materials ignited in open
areas.

e Explosive range refers to materials ignited in enclosed
or confined spaces.

A flammable material burns in an open area, but it
explodes in a confined space. The explosion occurs
because energy (heat) builds up in a confined space. This
buildup is followed by a sudden release of energy—the
explosion.

1-16
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The following list offers guidelines on what hazardous
waste workers need to know about flammability and
combustibility.

* Workers do not need to memorize flash points or
flammable ranges.

 Workers do need to know if a material is flammable.
The presence of flammable materials should cause
workers to proceed with caution.

e Workers do have to be careful around flammable
chemicals.

e Workers do have to be on the lookout for hazards.

The most important precaution is: Do not introduce any
sparks or flames near a flammable material.

Below are some examples of possible fire hazards.

* A portable gasoline-driven compressor is being used to
provide electrical power on a site. The compressor is
an ignition source. If it is placed near flammable
materials, there could be a fire.

A worker is digging with a shovel near partly buried
drums of flammable liquids. If the shovel hits the
drum, the metal-to-metal contact could cause a spark
and start a fire. For this reason, special nonsparking
tools are used at hazardous waste sites.

* A worker unplugs a piece of electrical equipment near
drums of flammable liquids. The act of pulling the
plug can produce a spark. The spark would be an
ignition source for any vapors escaping from the
drums.

Note: The electrical system is a common source of
sparks. Look for the spark next time when flipping
on a light switch in a darkened room.

Hazardous wastes are checked for flammability as part of
the drum sampling procedures of the site
characterization process.
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Explosive Hazards An explosion is the release of energy in a rapid and
uncontrolled manner. When an explosion occurs, the heat
and gases formed expand rapidly. This expansion creates
a shock wave as well as a loud noise. Most often the
source of energy is a chemical reaction. However,
mechanical explosions can occur. Any flammable dust,
vapor, or gas can be made to explode under proper
conditions. For example, there have been many
explosions in grain elevators from something as simple as
grain dust. Gunpowder is a more commonly known
explosive hazard.

Many chemicals, compounds, and materials have the
potential for producing explosions. They are classified as
follows:

» Shock sensitive chemicals — Chemicals that explode
when subjected to friction, heat, or shock. (Shock is
defined as being struck, vibrated, or agitated). These
chemicals are highly unstable and must be handled
very carefully. Shock sensitive chemicals include nitro
compounds, organic peroxides, and organic nitrates.

* Oxidizing materials —Materials that initiate or support
combustion in another material. Also called oxidizers,
these materials cause fire either through self-reactions
or through the release of oxygen or other gases that
support combustion in other materials. Examples
include chlorates, perchlorates, peroxides, and
nitrates.

» Water-reactive materials — Materials that react
vigorously or violently with water, steam, and
moisture in the air. They can release heat and/or
explosive or flammable gases as well as spontaneously
explode or burn. Examples include alkali metals, such
as potassium, sodium, and lithium, and ammonium
sulfide. These materials must be identified and
handled carefully, since water is usually present on
hazardous waste sites.

» Air-reactive materials — Materials that react violently
with air or oxygen and are capable of a rapid release of
energy. For example, white phosphorous will burn or
explode upon contact with room air. Some air-reactive
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Radiation Hazards

Ionizing Radiation

materials form peroxides, such as ethers, which are
powerful shock-sensitive oxidizers. Air-reactive
materials must be stored in nonreactive solutions
(such as water) or inert atmospheres (such as
nitrogen) at all times.

It is uncommon for metal dusts, grain dusts, or
commercial explosives to provide a problem at hazardous
waste sites. Usually the problem involves chemicals that
react with air or moisture to form explosive by-products.
For example, some types of ethers react with moisture to
form organic peroxides. Organic peroxides are shock
sensitive. In fact, they are more shock sensitive than
some commercial explosives such as TNT. Because of the
potential for explosions, drums are tested for shock
sensitivity early in the site characterization process.

Let us compare two similar situations. In the first
situation, a 25-gallon container of benzene begins to burn
in the middle of an open field. In the second situation, a
similar container of benzene emits flammable vapors in
an 8-foot deep trench. The second situation is far more
hazardous because the confined area of the trench
prohibits gases and heat from escaping and an explosion
will occur. Explosions are more likely to cause injuries
because of the amount of force and the unpredictable
nature of the the released energy.

Some materials are radioactive. This means that the
material emits energy in the form of particles or waves.
This energy is called radiation, of which there are two
types—ionizing radiation and nonionizing radiation.

Ionizing radiation is energy released by radioactive
materials in the form of particles or waves that have
enough energy to change or destroy living tissue. There
are different types of ionizing radiation, and each type of
poses a different health hazard.

The four types of ionizing radiation are:

Alpha particles
Beta particles
Gamma rays
Neutron particles

L
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Nonionizing Radiation

Sources

Oxygen Deficiency

Nonionizing radiation is energy emitted from materials
in the form of waves that do not have enough energy to
change atoms. Although some health hazards are
associated with nonionizing radiation, it is not as
dangerous as ionizing radiation.

Examples of nonionizing radiation include:

e Lasers
e Light bulbs
e Power lines

e Radar
e Shortwaves
e Sunlight

e Television waves
e VHF and UHF
 Welding arcs

Radiation hazards on a hazardous waste site come from
several sources, such as:

» Hospitals and laboratories — Radioactive chemicals
and drugs used for research and medicine end up as
biological waste.

e  Ammunition facilities — Radioactive materials are
used in the production of weapons. Many of these
sites are now classified as hazardous waste sites and
need to be cleaned up.

Radiation hazards are tested for during the site
characterization survey. Professionals, such as a
radiation health physicist, radiation protection
technician, or health physicist technician, determine and
identify the type of radiation hazard that may be
present. It is important to remember that radiation has
no warning properties. It can’t be seen, smelled, or felt.

The oxygen content of normal breathing air is about 21
percent oxygen by volume. As defined by OSHA, an
oxygen-deficient atmosphere has an oxygen level below
19.5 percent by volume.
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Oxygen Consumption

Oxygen Displacement

Oxygen deficiency is caused by the following:

e Oxygen consumption — A substance reacts with and
uses up the oxygen in the atmosphere.

e Oxygen displacement — Other gases push out the
breathable air, which includes the oxygen.

Oxygen consumption is the result of chemical reactions
or biological processes that use oxygen. A fire is a
chemical reaction that uses oxygen. Work such as
welding, cutting, or brazing uses up the oxygen in a
confined space. A slower form of oxygen consumption is
rusting. Rusting is a chemical reaction between iron and
the oxygen in the air.

Another example of oxygen consumption involves
bacteria. Bacteria are living organisms and need oxygen
to live. They are also the reason organic matter
decomposes (rots). Garbage dumps, landfills, or swampy
areas are all places where decomposition occurs.
Excavations and manholes near these areas may have
low oxygen levels due to the activity of bacteria.

Oxygen displacement occurs when a gas is introduced
into an area, such as a confined space, and pushes the
oxygen out to make room for itself. For example,
nitrogen is used to displace the oxygen (one of the three
elements of the fire triangle) in an underground storage
tank to prevent a fire from occurring during removal.

A simple asphyxiating atmosphere is an atmosphere that
contains a gas or gases that are nonreactive and nontoxic
to the body. However, in sufficient quantity, these gases
will displace the oxygen in an area. If enough oxygen is
displaced, the atmosphere will not support life. For
example, normal breathing air contains about 78%
nitrogen. No one is harmed by breathing it. But an
atmosphere containing 100% nitrogen will kill anyone
breathing it because there is no oxygen present.

© Laborers-AGC, June 2000

1-21



1

Hazard Recognition

GENERAL SITE
SAFETY

Safety Hazards

Hazardous waste workers face a higher risk of accidents
and injury than the typical industrial employee. Often
they must deal with situations with little information.
In addition, PPE worn to reduce chemical exposures can
increase the possibility of accidents for the following
reasons:

* Reduced mobility

* Narrower field of vision and reduced clarity

* Reduced communication and hearing capabilities

» Increased heat stress

* Increased reaction time due to physical and mental
stress

In short, hazardous waste workers are subjected to many
factors that may lower their ability to react, thereby
increasing their chances of an accident. To offset these
risks, workers can take responsibility for their own
safety through awareness and action.

Safety is the state of being secure from hurt, injury, or
loss. To be safe requires two types of actions—offensive
and defensive. By taking the offensive, workers protect
themselves against actions they can control. By taking
the defensive, workers maintain an awareness of actions
or situations that may be created by others or by
activities taking place.

Hazardous waste sites contain many safety hazards that
are typical of other types of construction work, such as:

* Acoustic — noise from loud machinery or tools.
e Back injuries - manually moving drums

e Electrical — wiring, equipment, grounding, power
lines.

e Engulfment — trenches

e Striking or struck by injuries — slips, trips, falls, hit
by a vehicle.

e Thermal — fires, hot pipes, explosions, and equipment
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Site Safety Awareness

Regulations established by both federal and state
agencies cover many of these safety hazards. Employers
are required to follow these regulations on all job sites,
including hazardous waste sites. Regulations that may
be familiar from previous work experiences deal with:

* Excavations

e Eye protection

e Grounding electrical equipment
e Hand tools

e Hearing protection

e Ladders

o Lifting

* Lockout/tagout

o Safety belts

» Safety shoes and hard hats
e Scaffolding

e Confined space entry

General site safety includes a continual awareness of
site-related safety concerns. All employees must be
aware of site hazards and remain alert to identifying
new or additional hazards that may arise as operations
progress. Some items to be aware of at the work site
include:

 Weather changes. When it gets hot or the air is calm,
chemical concentrations in the air can increase. This

increase may require additional protection.

*  Wind direction. For example, avoid dust and vapors
by working upwind if possible.

e Odors that may indicate the presence of chemicals.

e The location of someone who can help if an emergency
arises.

*  Where and how to exit from every area.

© Laborers-AGC, June 2000
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Safety Procedures

Safe Work Practices

Safety procedures include the use of safe work practices,
engineering controls, and PPE. Employing each of these
protective measures as needed helps to ensure a safe
working environment for site personnel.

Many practices and controls are common to all hazardous
waste sites, while others are specific to the unique
hazards of a particular site. Workers should become
familiar with each site and its requirements before they
begin work. This information is specified in the Site
Safety and Health Plan.

Safe work practices are habits workers can adopt and
use to protect themselves while performing specific
duties. Workers should understand that:

* Many safe work practices can be used at different job
sites. Workers should continue to follow the safe
work practices they already know.

» Effective use of safe work practices depends largely on
every worker’s conscious effort to work safely.

e Following safe work practices while performing any
task will greatly reduce the likelihood of injury or
illness to workers.

e Employers will identify safe work practices for any
given job so workers will understand how they are to
conduct themselves as they perform the work.

* Medicine and alcohol can worsen the effects of
exposure to toxic chemicals. Workers should consult
their doctors about possible reactions between
prescription medicines and exposures to toxic
chemicals.

e Personnel and equipment in a contaminated area
should be minimal. Only the personnel necessary for
effective site operations should be present.

»  Work areas for specific work activities must be
established.
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Procedures for leaving a contaminated area must be
planned and implemented prior to going on the site.
Work areas and decontamination procedures must be
established on the basis of actual site conditions.

Many of the safe work practices used during hazardous
waste work are designed to limit exposure to the hazards
found at the site. These practices include the following:

Reading and fully understanding the Site Safety and
Health Plan prior to participating in site activities.

Eating, drinking, chewing, smoking, or any practice
that increases the probability of hand-to-mouth
transfer is prohibited in any area designated as
contaminated.

Face and hands must be thoroughly washed upon
leaving the work area and before eating, drinking, or
any other activities.

Whenever decontamination procedures for outer
garments are in effect, the entire body should be
thoroughly washed as soon as possible after the

protective garment is removed.

Excessive facial hair that interferes with a
satisfactory fit of the face-to-facepiece seal shall not
be allowed on personnel required to wear respiratory
protection equipment.

Contact with contaminated surfaces or with surfaces
suspected of being contaminated should be avoided.
Whenever possible, do not:

- Walk through puddles, mud, or on other discolored
surfaces.

- Kneel on the ground.

- Lean, sit, or place equipment on drums,
containers, vehicles, or the ground.

© Laborers-AGC, June 2000
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Buddy System

Site Communication

Normally, the Site Safety and Health Plan contains safe
work practices for specific operations or areas. Three
examples of safe work practices that would apply to the
entire site or work zones within the site are:

1. Buddy system
2. Site communication
3. Safety meetings

The buddy system organizes work groups so that each
worker in the group is assigned to observe the activities
of at least one other worker in the group. A buddy does
the following:

* Provides his or her partner with assistance

e Watches for signs of chemical or heat exposure
e Checks the condition of the partner’s PPE

o Alerts others if emergency help is needed

An internal site communication system is required to do
the following:

o Alert workers to emergencies

e Pass on safety information (amount of breathing air
left, heat stress check, etc.)

e Explain changes in the work to be done

e Maintain overall site control

Verbal communication is often difficult due to wearing
PPE and the background noise from heavy equipment.
Other audible or visual signals may need to be used.
These signals should be known by all individuals before
going on site. A primary and a backup system should be
set up. Some common communication devices include:

e Radio — citizens band (CB) and FM.

» Noisemakers — bells, sirens, air horns, whistles, and
megaphones.

» Visual signals — flags, flares, lights, smoke, and hand
signals.

1-26

© Laborers-AGC, June 2000



Hazard Recognition

Safety Meetings

Engineering Controls

Site personnel should consider all aspects of site safety
before the start of daily activities. A brief safety meeting
should be held every day to discuss safety concerns, as
well as new and changed activity schedules for the day.
Site workers should ask themselves and their supervisor
the following questions, and make certain the answers
are known before starting work on any given day.

e What PPE is required for the hazardous substances
that may be encountered at the work site?

 What potential explosive and/or flammable conditions
are present?

 What confined spaces will be entered?

 What emergency equipment is available, where it is
located, and how is it used?

 What are the standard operating procedures (SOPs)
for evacuation and rescue in an emergency?

 How will workers be notified if conditions or
situations change during the work period.

 What is the work/rest cycle for each task?

¢ What are the prescribed decontamination procedures?

*  Where will the buddy system be used and how will
workers be paired up?

» Are all workers properly trained and equipped to
perform their duties?

Engineering controls are mechanical devices or systems
that are used to reduce or eliminate hazards associated
with a certain process or activity. Engineering controls
seek to eliminate, control, or contain a hazard before it
can reach workers.
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There are three common ways to do this:

o The substitution of safer materials, equipment, or
processes for more dangerous ones.

o The isolation of hazards from workers by physical
barriers, distance, or time.

e The use of ventilation to remove toxic air
contamination, or to provide heating or cooling.

Engineering controls include such items as:

e Ventilation hoods

e Automatic equipment shut-offs
* Protective barriers

 Remote controls

* Material handling equipment

These devices allow workers to work around hazardous
conditions without being exposed to the hazards. For
example, using a ventilation hood while working with
evaporating chemicals permits a worker to handle
potentially hazardous material without breathing toxic
fumes or vapors. Remote controls allow a worker to
handle a dangerous operation from a distant location and
protect the worker from fires or explosions.

The choice of engineering control is determined by the
activity, site location, and site characteristics. For
example, ventilation hoods can’t be used in an outdoor
location. However, pressurized cabs for equipment can
be used to provide clean, breathable air for an operator.
Machinery that may provide a source of ignition in an
explosive or flammable atmosphere can be equipped with
spark arrestors or automatic shutoffs. The machinery
can be shut down quickly if an immediate evacuation is
necessary or an environment becomes explosive in a
short period of time. Nonsparking tools can be used so
sparks aren’t produced from the tool striking or rubbing
against metallic materials.
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1

Personal Protective
Equipment

Protective shields or barriers mounted on machinery will
protect the operator from explosion or fire while
performing site tasks. Also protective barriers placed
around an entire operation, such as a drum opening
area, protect site workers from the potential hazards of
fire and explosion.

Remote-controlled equipment is frequently used at
hazardous waste sites, particularly for drum opening and
sampling activities. Such equipment should be built so
that the mechanism does not provide a source of ignition
(e.g., pneumatically or hydraulically driven). Remote
controls should be located a safe distance from the work
area while still allowing the worker to see the activity.

Material handling equipment includes such items as:

e Drum grapplers and slings
e Shipping packages
* Drum overpacks

Drum grapplers and slings are used to transport drums
from one location to another without manually rolling or
lifting the drums. They are usually adapted to fork lifts
and backhoes equipped with protective shields for
operator protection.

Shipping packages come in a variety of shapes and sizes.
They’re designed to safely hold bottles and other
containers for transportation and other handling. These
packages usually include absorbent padding and lid locks
to prevent spilling or leaking.

Drum overpacks are designed to accept slightly smaller
drums or containers that are in an unsafe condition
(bulged, ruptured, etc.). They're used to contain
materials for shipping, handling, and storage activities.

Unlike engineering controls, PPE does not seek to
eliminate, control, or contain a hazard before it can reach
workers. PPE should be used only when engineering
controls are not feasible or practical. PPE protects a
worker from contact with, and exposure to, hazardous
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ACCIDENTS

Preventing Accidents

materials and normal construction hazards by placing a
barrier or layer of protection between the worker and the
hazard. PPE includes the following types of equipment:

e Respirators.

e Chemical protective clothing, such as suits, aprons,
gloves, and boots.

* Nonchemical PPE, such as hard hats, safety glasses,
and hearing protection.

An accident is an undesirable, unplanned event resulting
in physical harm, damage to property, or interruption of
business. Accidents may result from:

* An unsafe act, such as moving a leaking barrel or not
wearing a respirator properly.

e An unsafe condition, such as an unshored trench or a
toxic atmosphere.

These situations may be related. One worker’s unsafe
act can result in an unsafe condition for someone else.

One example of an unsafe condition involves cylinders of
compressed gas. Steel cylinders of oxygen, hydrogen,
nitrogen, and air are among the many gases that are
used routinely on hazardous waste sites. These cylinders
should be stored in a upright position, strapped securely
to a permanent structure, and protected from high
temperatures. Gases in cylinders are generally safe
under such conditions as long as the temperature of the
gas does not exceed 125°F. However, if these safety
guidelines are not followed and the cylinder is damaged
or subjected to high temperatures, it could burst.

There are two main approaches to reducing or preventing
accidents:

1. Eliminate unsafe conditions
2. Reduce unsafe acts
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1

Eliminate Unsafe
Conditions

Reduce Unsafe Acts

Workers must be aware of conditions that can contribute
to accidents and then act to prevent exposure to these
conditions. Examples of prevention are enclosing live
electrical circuits or providing workers with the proper
PPE. Although eliminating unsafe conditions is the best
approach, it’s difficult to eliminate all unsafe conditions.
It’s even more difficult to predict or anticipate where
such conditions may exist or develop at a hazardous
waste site.

Each worker must make a conscious effort to work safely
despite the hazardous conditions that may exist at any
site. A high level of safety awareness must be
maintained so the principles of safety involved in a job
become an actual part of the job.

© Laborers-AGC, June 2000
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SECTION 1 - ASSIGNMENT SHEET

Temperature at which a liquid
vaporizes sufficiently to burn when a
source of ignition is present.

Material with a flash point below
100°F (37.8°C).

Strong acids and bases.

Materials that break down and form
oxygen.

Materials that react with air.

When two chemicals react to produce a
substance of different composition and
properties.

Material with a flash point between
100°F and 1500°F (37.8°C and
815.6°C).

Materials that react with water.

Red-bagged viruses and bacteria.

Concentrations between the LFL and
UFL.

1. Match the following words with the proper definition or example:
Air reactive materials a.
__ Biological waste
__ Chemical reactivity b.
___ Combustible
c.
___ Corrosives
d.
_ Flammable
__ Flammable range e.
__ Flash point f.
_ Ogxidizing materials
__ Water reactive materials g.
h.
1.
J-
2. Define the following terms and acronyms:

Accident

Engineering controls

LEL

© Laborers-AGC, June 2000
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LFL

Safety

Safe work practices

Toxic
UEL
UFL
3. Identify two approaches to hazard recognition.
4, Identify the three general categories of hazards on a hazardous waste site.

5. List the four types of chemical hazards.

6. List the three elements of the fire triangle.

7. Explain the difference between combustible and flammable materials.
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8.

10.

11.

12.

13.

14.

List the physical states in which chemicals are usually found.

Identify the five forms of airborne contaminants.

List the 12 types of physical hazards.

Identify the two types of radiation.

Identify safety hazards that are common to both hazardous waste sites and
construction sites.

List the two main approaches to reducing or preventing accidents.

List the three general site safety procedures used on hazardous waste sites.

© Laborers-AGC, June 2000
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15.  List five conditions to watch for on a hazardous waste site.

16.  Identify three common ways engineering controls seek to eliminate, control, or
contain a hazard.
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APPENDIX 1-1

TOXIC INFORMATION GUIDE
PROPERTIES OF CHEMICALS

Chemical
Property

Definition/Description

Examples

Chemical formula

The scientific method used to describe
elements and compounds.

Chemical formula of:
water = HyO
methane = CH,

Molecular weight

The sum of the atomic weights of the atoms in
a molecule.

Molecular weight:
water = 18.015
methane = 16.043

Physical state

The state in which a chemical exists at room
temperature (about 68° F) and pressure.

Physical state at 68°F (20°C):
water = liquid
toluene = liquid
carbon dioxide = gas

Odor threshold

The minimum concentration of a substance in
air that can be detected by the human sense of
smell.

Odor threshold concentration:
ammonia = 5 ppm
ethyl alcohol = 10 ppm
carbon monoxide = odorless

Specific gravity

The specific gravity of a chemical is the
density of that chemical compared to that of
water. If the specific gravity is less than 1, the
chemical will float on water. If it is greater
than 1, it will sink to the bottom of water.

Specific gravity:
water = 1
toluene = .868
sulfuric acid = 1.84

Temperature at which chemical changes from a

Melting point:

Melti i . .
elting point solid to a liquid. water (ice) = 32°F (0°C)
polychlorinated biphenyl
(PCB) = -2°F (-18.9°C)
Boiling point Temperature at which a chemical in the liquid  Bojling point:

state changes from a liquid to a gas at
atmospheric pressure.

water = 212°F (100°C)

toluene = 231°F (110.7°C)

hydrogen sulfide = -76°F
(60.2°C)
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APPENDIX 1-1 (continued)

TOXIC INFORMATION GUIDE
PROPERTIES OF CHEMICALS

Chemical Definition/Description Examples
Property
Flash point Lowest temperature at which a material gives Flash point:

off sufficient vapor to form an ignitable
mixture and burn when a source of ignition is
present. The lower a liquid’s flash point, the
greater the risk of fire.

toluene = 40°F
turpentine = 95°F
mineral spirits = 102°-140°F

Solubility

The amount of chemical that can be dissolved
in water at 68°F. Measured in percent, the
higher the percentage, the more chemical that
will dissolve in water.

Sugar is 100% soluble in
water.

Vapor pressure

As a chemical evaporates, its vapors create
pressure, called vapor pressure. Vapor
pressure is measured in millimeters of
mercury (mmHg) at 68°F and normal
atmospheric pressure (760 mm). The higher a
chemical’s vapor pressure, the greater its
tendency to evaporate.

Vapor pressure:
water = 17.5 mmHg
toluene = 22.0 mmHg
mineral spirits = 2.0 mmHg
banana oil = 4.0 mmHg

pH The number which describes whether a pH:
chemical is an acid or base and to what degree. water = 7
pH ranges from 0 to 14, 7 being neutral. Acids gastric juices = 1.7
have a pH between 0 and 6. Bases (caustics) calcium hydroxide (lime)
have a pH between 8 and 14. =124
1-38 © Laborers-AGC, June 2000



Section

HAZARDOUS WASTE
WORKER

Title

HAZARD COMMUNICATION

TRAINEE OBJECTIVES

After completing Section 2, you will be able to:

1. Define the following terms or words:
Administrative controls Substitution
Engineering controls Time weighted average

2. Identify the following acronyms:

ACGIH NFPA
DOT NIOSH
IDLH PEL
MSDS TWA
3. List the requirements of the Hazard Communication Standard’s written
program.
4. List the basic information that must be covered in the employer’s training

program for hazard communication.

5. List the information an employer must provide each employee.

6. List the exposure control measures that protect workers from exposure.
7. Demonstrate how to use MSDSs by completing an assignment sheet.

8. List the information that must be given on a typical label.

9. List the three basic types of labeling systems.
10. Demonstrate how to read a label by completing an assignment sheet.

11. Calculate TWA and determine exposure levels.
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HAZARD An effective Hazard Communication Program needs the
COMMUNICATION cooperation of employers and workers. The employer
STANDARD must provide workers with specific information and

training about hazardous chemicals in the work area.
Workers must use the information and training to
recognize chemical hazards in the work area and take
steps to prevent exposure.

The Occupational Safety and Health Administration
(OSHA) has implemented the Hazard Communication
Standard for both the construction industry (29 CFR
1926.59) and general industry (29 CFR 1910.1200). The
standard states:

“The purpose of this section is to insure that the hazards of all
chemicals produced or imported are evaluated and that
information concerning their hazards is transmitted to
employers and employees.”

These standards require that hazardous chemical
manufacturers inform employers about a product’s
hazards. The employer must inform all workers who will
use or come into contact with the chemical about its
hazards.

Scope The Hazard Communication Standard applies to any
chemical known to be present in the workplace to which
workers may be exposed during normal use. It also
applies when exposure to chemicals may occur during a
foreseeable emergency. On a hazardous waste site, the
standard only applies to the hazardous materials or
substances used for the clean-up process. The standard
does not apply to:

 Hazardous waste

» Tobacco or tobacco products
*  Wood or wood products

e Articles (chairs, tables, etc.)
* Food, drugs, and cosmetics
» Alcoholic beverages

e Consumer products
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Hazard Determination

Written Hazard

Workers must be trained in the standard because of the
hazardous materials they use for cleanup. In order to
use the standard correctly, one must know the difference
between hazardous substances and hazardous waste.

Hazardous substances or materials are any substances or
materials which in normal use can be damaging to the
health and well-being of workers and the environment.
Examples of normal use include processing plant work,
manufacturing, and chemical decontamination on
hazardous waste sites. Hazardous substances or
materials cover a broad range of types, such as toxic,
corrosive, and flammable.

Hazardous waste is a hazardous substance that has been
discarded or otherwise designated as a waste material.
It contains the same potential for damaging the health
and well-being of workers and the environment.

The Hazard Communication Standard requires chemical
manufacturers, importers, and employers to determine if
the chemicals or substances they produce, import, or use
in the workplace are hazardous. In most cases, hazard
determinations are done by chemical manufacturers
before the chemicals are sold to customers.

Under the standard, employers and/or contractors must

Communication develop, implement, and maintain a written Hazard

Program Communication Program. This written program must be
available at the workplace and provide the following
information:

o List the hazardous chemicals on the job site.

e Explain how the employer will inform workers of the
hazards associated with nonroutine tasks involving
hazardous chemicals.

» Explain labels and other forms of warning used by the
employer.

e Explain how workers will be provided with material
safety data sheets (MSDSs).

* Describe the training the employer will use to teach
workers about hazardous chemicals.
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Multiple Employer Sites

Information and

Training

Some hazardous waste sites have more than one
employer working on the site at the same time. The
standard requires that all employers on a multiple
employer site provide information to each other on the
hazardous chemicals they are using. This sharing of
information will help prevent worker exposure to
chemical hazards from another employer. The written
Hazard Communication Program of a multiple employer
site must:

e Explain how MSDSs will be provided to the other
employer(s), or identify the location of the MSDSs for
each hazardous chemical the other employer’s
workers may be exposed to while working.

» List the methods an employer will use to inform other
employer(s) of measures that need to be taken to
protect workers during normal operating conditions
and in foreseeable emergencies.

e Explain how the employer will inform the other
employer(s) of the hazardous chemical labeling
system being used.

The written Hazard Communication Program must be
made available upon request to workers, their
representatives, and OSHA.

The Hazard Communication Standard requires
employers to provide specific information and training on
hazardous chemicals so workers will:

» Be aware of the hazardous chemicals used on the job

*  Know how to recognize these hazardous chemicals

* Know the safety issues and health effects of the
hazardous chemicals

* Be able to protect themselves

As a minimum, training must cover the following hazard
communication information:

» Requirements of the Hazard Communication
Standard.

© Laborers-AGC, June 2000
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EXPOSURE GUIDES

e Operations in the work area where hazardous
chemicals are present.

* Location and availability of the:
- Written Hazard Communication Program
- List of hazardous chemicals
-  MSDSs for all hazardous chemicals used on site

Employers must provide or ensure that workers have
been provided with the following information:

» The ways to detect the presence or release of
hazardous chemicals in the work area. A chemical’s
characteristics are important pieces of information for
workers. These characteristics include color, chemical
state (solid, liquid, gas), and odor.

e The physical and health hazards caused by exposure
to the hazardous chemicals on the job.

 How to protect themselves through work practices,
personal protective equipment (PPE), and emergency
procedures.

» Details of the Hazard Communication Program used
by the employer, including labels, lists, MSDSs, and
how workers can get and use hazard information.

Note: This section covers the general information that
must be included in the Hazard Communication
Program. The section does not fulfill an employer’s
obligation to supply workers with hazard communication
training on site-specific hazards.

When working around hazardous chemicals, exposure is
an important consideration. Hazardous chemicals can
have devastating health effects on the human body.
Therefore, exposure guides are used to inform workers
about warnings and exposure limits and to make
decisions about worker exposure to chemicals.

Some exposure guides are general. They give
instructions or information about a chemical using a
short phrase, word, numbers, or symbols. For example,

2-6
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Permissible Exposure
Limits

“avoid skin contact” and “avoid breathing vapors” are
general exposure guides. These general guides are
usually found on labels or placards on chemical
containers. However, the chemical’s identity needs to be
known in order for general guidelines to be useful.

When the the employer knows both the identity of a
chemical and its air concentration at the work site, more
specific exposure guides can be applied. Permissible
exposure limits (PELs) and threshold limit values (T'LVs)
are two commonly used exposure guides that deal with
concentration levels.

Exposure limits set the basis for safe working exposures.
In most cases, exposure limits refer to concentrations of a
toxic substance in the air over a normal 8-hour work
shift. Safe exposure limits represent conditions under
which nearly all workers can be repeatedly exposed day
after day without adverse acute or chronic health effects.

A product’s MSDS must list chemical exposure limits.
The limits may also appear on the product’s container
label. Exposure limits usually are given as parts per
million (ppm) or milligrams per cubic meter (mg/m?3).
One ppm is like one drop of chocolate in 14 gallons of
milk. Many chemicals can affect your body at 1 ppm or
even smaller amounts.

Several organizations have published, required, or
recommended safe working guidelines for exposures to
hazardous chemicals. These organizations are OSHA,
the National Institute of Occupational Safety and Health
(NIOSH), and the American Conference of Governmental
Industrial Hygienists (ACGIH).

PELs are exposure guides for airborne concentrations of
regulated substances. They set limits upon a worker’s
inhalation exposure or the amount of substance a worker
can legally breathe in a set amount of time.

There are three ways to represent PELs:

1. Time weighted average
2. Short-term exposure limit
3. Ceiling limit

© Laborers-AGC, June 2000
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Time Weighted Average

PELs are the only legally enforceable limits because
they are set by OSHA. This means that by law,
employers must keep a worker’s exposure below the PEL.
PELs are meant to offer the minimum levels of
protection. However, more protective limits are always
allowed.

Because PELs refer to inhalation exposures, they can not
be used to determine exposure that occurs through the
skin. A worker may have an exposure below the PEL but
still become overexposed to a chemical through skin
absorption.

The skin notation that is sometimes listed in the PELs
means a chemical can be absorbed through the skin. It
is not an exposure guide. There are no concentration
guidelines for skin exposure. Therefore avoid skin
contact with chemicals whenever possible, especially
when the skin notation is used.

Note: PELs are important for protecting workers from
overexposure to hazardous chemicals. However, workers
should be aware of the drawbacks of PELs. Many PELs
are not set to protect workers from chronic health effects
such as cancer. In addition, PELs that apply to the
construction industry were established in 1970.
Although OSHA has updated PELs for some substances
since that date, such as lead and asbestos, there are
many PELs that are outdated.

Time weighted average (TWA) is the average
concentration of a substance in an area over an 8-hour
work shift of a 40-hour work week. To determine a TWA,
exposure levels are collected over a work shift. The
exposure levels are averaged out for 8 hours and the
results compared with OSHA’s PEL lists. For example, a
worker’s exposure to toluene is 90 ppm for 2 hours, 120
ppm for 1 hour, and 20 ppm for 5 hours. The worker’s
actual exposure to toluene, averaged for the day is 50
ppm. The calculations are shown in Figure 2-1. The
allowable TWA exposure for toluene is 100 ppm.
Therefore, on this particular day, this worker was not
overexposed according to OSHA limits.

2-8
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TWA = (90 ppm x 2 hrs) + (120 ppm x 1 hr) + (20 ppm x 5 hrs)
8 hrs

TWA = 180 ppm hrs + 120 ppm hrs + 100 ppm hrs
8 hrs

TWA = 400 ppm hours
8 hrs

TWA = 50 ppm

Figure 2-1. Calculating the TWA

Overtime Calculations If a worker works longer than eight hours, overtime
calculations must be done to determine the total
exposure (Figure 2-2). Overtime does not allow an
employer to expose a worker to higher concentrations. In
fact, the worker must be exposed to lower concentrations
because he/she will be working for a longer time period.

Overtime Calculations:

Equation: PEL x 8 hrs.
hrs. worked

PEL = 100 ppm
Hours Worked = 10

Calculation: 100 ppm x 8 hrs _ g ppm
10 hrs

Worker can only be exposed to 80 ppm for the duration of the
time worked.

Figure 2-2. Overtime calculations

© Laborers-AGC, June 2000 2-9
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Mixture Calculations

Short-Term Exposure
Limits

When a worker is exposed to more than one substance or
to a mixture of substances that have similar chemical
properties, mixture calculations must be done to
determine the actual exposure. Chemicals with similar
properties have a tendency to attack the same target
organs which increases the chance of overexposure.
Figure 2-3 gives an example of a mixture calculation.

1. Calculate exposure for each chemical: Exposure = TWA
PEL
Benzene TWA exposure is .5 ppm
PEL =1 ppm
.5 ppm

1 ppm = 50% of PEL

Toluene TWA exposure is 80 ppm
PEL = 100 ppm

80 ppm
100 ppm = 80% of PEL

2. Add exposures for each chemical to find total chemical exposure:

TOTAL 50% + 80% = 130%

Exposure is 130% of the PEL so the worker is overexposed.
Exposure is 30% above the PEL so the worker is overexposed.

Figure 2-3. Mixture calculation for a worker’s exposure
to benzene and toluene

Short-term exposure limits (STELs) are the maximum

concentration levels that workers can be exposed to for a
short period of time (usually 10 to 15 minutes) without
suffering from adverse health effects. These health
effects include:

e Irritation

e Chronic or irreversible tissue damage

* Dizziness sufficient to increase the risk of accidents,
impair self-rescue, or reduce worker efficiency

2-10
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2

Ceiling Limits

Threshold Limit
Values

STELs should not occur more than four times per shift,
and there should be at least 60 minutes between
exposures. The daily TWA PEL must not be exceeded.

Not all chemicals have assigned STELs. For substances
without STELs, it’s usually recommended that exposure
should not exceed three times the PEL for a short term
(10 to 15 minutes). For example, OSHA’s PEL for
perchloroethylene or perc is 25 ppm. Perc has no STEL
listed, so an STEL is estimated by calculating:

3 x 25 ppm = 75 ppm

Ceiling limit (c) is an exposure level that should never
be exceeded. However, not all chemicals have assigned
ceiling values. If a ceiling limit is not assigned to a
substance or chemical, it is generally recommended that
exposures never exceed five times the PEL.

Threshold limit values are set by the ACGIH. They are
based on the best available information from industrial
experience, experimental human studies, and animal
studies. The basis on which the values are established
may differ from chemical to chemical. TLVs are only
advisory and are not legally enforceable. A revised list of
TLVs is published each year which makes them more
current than PELs. However, chronic effects are not
always given enough consideration in setting TLVs.

As with PELs, TLVs refer only to inhalation exposures.
There are no concentration guidelines for skin exposure.
Steps should be taken to avoid skin contact with
chemicals, even if the TLV is within the standard.
Overexposure to some chemicals can still occur by skin
absorption.

Some chemicals cause adverse health effects if short-
period exposures exceed a certain level. Special exposure
limits are set for these chemicals. Ceiling limits (c) are
levels of concentration or exposure that can never be
exceeded. Immediately dangerous to life or health
(IDLH) values identify an exposure level in an
environment that is likely to cause death or serious
health effects with very brief exposures.

© Laborers-AGC, June 2000
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EXPOSURE
CONTROL
MEASURES

INVENTORY LISTS

Exposure control measures were developed to protect
workers from chemical exposure and include:

e Substitution
e Engineering controls

e Administrative controls
« PPE

Substitution is the most desirable control measure
because it eliminates the original hazard. The hazardous
chemical is replaced with a nonhazardous or less
hazardous chemical that works as well.

Engineering controls reduce or eliminate exposures by
using mechanical means, such as ventilation systems,
acoustical material, and clean air control booths. It does
not eliminate the hazard.

Administrative controls reduce exposures to an
acceptable limit in two ways:

1. Removing the worker from exposure after a specific
length of time. This method is used extensively by
the nuclear industry to reduce radiation exposures.

2. Establishing work rules, such as no eating, no
drinking, or no smoking.

PPE is the least desirable exposure control measure
because the hazard is still present so exposure is
possible. However, it is also the most commonly used
method in construction. PPE includes respirators,
gloves, protective suits, boots, and other gear that are
worn to protect workers from exposures. PPE is not an
engineering control.

Every employer who uses or stores hazardous chemicals
on a job site is required to develop and make available a
chemical inventory list. This list identifies the
potentially dangerous chemicals that workers are
exposed to on a work site. The chemical or product name
located on the employer’s chemical inventory list must be
the same as the name on the container label and its
corresponding MSDS. In this way, a worker can easily

2-
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2

MATERIAL SAFETY
DATA SHEETS

locate any additional information needed for protection.
The inventory list must be on the job site and available
for a worker’s review. It is updated whenever any new
chemical or substance is brought to the site, or if a
chemical is no longer used. A sample chemical inventory
list is shown in Figure 2-4.

THIS COMPANY, INC.
111 MAIN STREET
ANYWHERE, U.S.A 12345

CHEMICAL INVENTORY LIST

Acrylic Water Base Paint (Lambert)

Ater Blasting Shop Primer Red 53-R-101

Cosmiscoat Pavement Sealer

Deck Paint Blue Gray 58-F-23 (Mobile Chemical Co.)
Deck Paint Brown 58-D-95 (Mobile Chemical Co.)
Deck Paint Ocean Gray 58-F-14 (Mobile Chemical Co.)
Duracrylic Extra High Gloss Thinner (PPG Industries)
E Enton 37-127 Epoxy Resin (Reichold Chemical)

E Enton 37-620 Epoxy Resin Hardener (Reichold Chemical)
Paint Thinner 21-263 (PPG Industries)

2 - Propanol Solvent (Fisher)

Styrofoam Plastic Forms (Dow Chemical)

Varsol 1 Petroleum Solvent (Exxon)

Varsol 18 Petroleum Solvent (Exxon)

Figure 2-4. Sample chemical inventory list

A material safety data sheet (MSDS) is the primary
source of information about hazardous chemicals used on
a hazardous waste site. Employers are required to have
an MSDS for every hazardous chemical used or stored on
each job site. They must make the MSDSs available to
workers or the workers’ union representative for review.

MSDSs come in many different formats, but they all
must contain the same basic information. Table 2-1 lists
the minimum information that must be contained in
every MSDS. Figure 2-5 shows the manufacturer’s
MSDS for the solvent WD-409.

© Laborers-AGC, June 2000
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Table 2-1. Minimum information needed on an MSDS

MSDS Section Title

Information Included

Product Identity and Manufacturer’s
Information

Identity of the chemical (as on label)

The name and address of the manufacturer
Emergency phone numbers

Date when MSDS was prepared

Hazardous Ingredients

Hazardous ingredients
Properties of the chemical
Common name and trade name
OSHA PELs

ACGIH TLVs

Other recommended limits

Physical/Chemical Characteristics

Boiling point

Vapor pressure and density
Solubility in water
Appearance and odor
Evaporation rate

Melting point

Fire and Explosion Hazard Data

Fire and explosion hazard data
Flash point

Flammable limits
Extinguishing media

Special firefighting procedures
Physical hazards

Reactivity Data

Stability of the substance
Conditions to avoid

Incompatibility with other materials
Hazardous decomposition properties
Associated by-products

Health Hazard Data

Acute (short-term) health hazards
Chronic (long-term) health hazards
Routes of entry

Target organs

Carcinogenicity (cancer-causing)
Signs and symptoms of exposure
Medical conditions aggravated
Emergency first aid procedures

Precautions for Safe Handling and Use

Precautions for safe handling
Precautions for safe use
Spill containment procedures
Waste disposal methods
Precautions for storage

Control Measures

Exposure control measures
Engineering controls
Administrative controls

Work practices

Personal protective equipment

2-14
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< Y

I. PRODUCT IDENTIFICATION

®

MATERIAL SAFETY DATA SHEET

R eactivity

Special

Healt!

NFPA

Manufacturer: WD-40 Company Telephone:
Emergency Only: 1 (800) 424-9300 (CHEMTREC)
Address: 1061 Cudahy Place (92110) Information: (619) 275-1400
Z‘O' g_ox 80?:0?]( . Chemical Name: Organic Mixture
92?3818%8’7 aifornia Trade Name: WD-40 Aerosol
Item No. 10002, 10005, 10008, 10011,
10013, 10016, 10023
il. HAZARDOUS INGREDIENTS
Exposure Limit

Chemical Name CAS Number % ACGIH/OSHA
Aliphatic Petroleum Distillates 8052-41-3 60-70 100 ppm PEL
Petroleum Base Oil 64742-65-0 15-25 5mg/M®  TWA (mist)
Carbon Dioxide 124-38-9 2-3 5000 ppm PEL
Non-hazardous Ingredients <10
illl. PHYSICALDATA
Boiling Point: NA Evaporation Rate: Not determined
Vapor Density (air = 1): Greater than 1 Vapor Pressure: 110 +5 PSI @ 70°F
Solubility in Water: Insoluble Appearance: Light amber
Specific Gravity (H.0 = 1): 0.816 @ 70°F Odor: Characteristic odor
Percent Volatile (volume): 70%

IV. FIRE AND EXPLOSION

Flash Point:

Flammable Limits:

Extinguishing Media:

Special Fire Fighting Procedures:

Unusual Fire and Explosion Hazards:

Tag Open Cup 110°F (minimum)
(Solvent Portion) [Lel] 1.0% [Uel] 6.0%
CO,, Dry Chemical, Foam

Contents Under Pressure

FLAMMABLE — U.F.C. level 3 AEROSOL

V. HEALTHHAZARD / ROUTE(S) OF ENTRY

Threshold Limit Value

Symptoms of Overexposure
Inhalation (Breathing):
Skin Contact:

Eye Contact:
Ingestion (Swallowed):

First Aid Emergency Procedures
Ingestion (Swallowed):
Eye Contact:
Skin Contact:
Inhalation (Breathing):

DANGER!
Aspiration Hazard:

Suspected Cancer Agent
Yes No__ X

Aliphatic Petroleum Distillates (Stoddard solvent) lowest TLV (ACGIH 100 ppm.)

May cause anesthesia, headache, dizziness, nausea and upper respiratory irritation.
May cause drying of skin and/or irritation.

May cause irritation, tearing and redness.

May cause irritation, nausea, vomiting and diarrhea.

Do not induce vomiting, seek medical attention.

Immediately flush eyes with large amounts of water for 15 minutes.
Wash with soap and water.

Remove to fresh air. Give artificial respiration if necessary.

If breathing is difficult, give oxygen.

Pre-existing medical conditions such as eye, skin and respiratory disorders may be
aggravated by exposure.

If swallowed, can enter lungs and may cause chemical pneumonitis.
Do not induce vomiting. Call Physician immediately.

The components in this mixture have been found to be noncarcinogenic by NTP, IARC
and OSHA.

Figure 2-5. Manufacturer’s MSDS for WD-40. (Courtesy of WD-40 Company)

© Laborers-AGC, June 2000
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VI. REACTIVITYDATA

Stability:

Conditions to avoid:

Incompatibility:

Hazardous decomposition products:
Hazardous polymerization:

Stable X

NA

Strong oxidizing materials
Thermal decomposition may yield carbon monoxide and/or carbon dioxide.
May occur Will not occur __X

Unstable

VIl. SPILL ORLEAK PROCEDURES

Spill Response Procedures

Waste Disposal Method

Spill unlikely from aerosol cans. Leaking cans should be placed in plastic bag or open pail until pressure has dissipated.

Empty aerosol cans should not be punctured or incinerated; bury in land fill. Liquid should be incinerated or buried in land
fill. Dispose of in accordance with local, state and federal regulations.

VIil. SPECIAL HANDLING INFORMATION

Ventilation:
Respiratory Protection:
Protective Gloves:

Eye Protection:

Other Protective Equipment:

Sufficient to keep solvent vapor less than TLV.

Advised when concentrations exceed TLV.

Advised to prevent possible skin irritation.

Approved eye protection to safeguard against potential eye contact,
irritation or injury.

None required.

IX. SPECIAL PRECAUTIONS

Keep from sources of ignition. Avoid excessive inhalation of spray particles, do not take internally. Do not puncture, incinerate or
store container above 120°F. Exposure to heat may cause bursting. Keep can away from electrical current or battery terminals.
Electrical arcing can cause burn-through (puncture) which may result in flash fire, causing serious injury. Keep from children.

X. TRANSPORTATION DATA (49CFR 172.101)

Domestic Surface

Description:
Hazard Class: ORM-D
ID No.: NONE

Label Required:

Domestic Air

Description:
Hazard Class: ORM-D
ID No.: NONE

Label Required:

Consumer Commaodity

Consumer Commodity (ORM-D)

Consumer Commaodity (Non-Flammable Gas — Aerosol)

Consumer Commodity (ORM-D-AIR)

XI. REGULATORY INFORMATION

All ingredients for this product are listed on the TSCA inventory.

RCRA hazardous waste no.:

SARA Title Il chemicals: None
California Prop 65 chemicals: None
CERCLA reportable quantity: None

D001 (Ignitable)

R\THA

SIGNATURE:

TITLE: Technical Director

\
REVISION DATE:

March 1998

SUPERSEDES: June 1996

NA = Not applicable

NDA = No data available

< =Less than > = More than

We believe the statements, technical information and recommendations contained herein are reliable. However, the data is provided without warranty,
expressed or implied. It is the user’s responsibility both to determine safe conditions for use of this product and assume loss, damage or expense, direct or

consequential, arising from its use. Before using product, read label.

MSDS-A

Figure 2-5. Manufacturer’s MSDS for WD-40. (Courtesy of WD-40 Company)
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2

HAZARDOUS
CHEMICAL LABELS
AND LISTS

Under OSHA regulations, manufacturers, importers, and
distributors of hazardous chemicals must label all
products with information that identifies the specific
hazards of the products. Employers may not remove
these labels. If an employer transfers hazardous
material into another container to be used by another
employee for longer than one shift, the new container
must also be labeled. Figure 2-6 shows two examples of
product labels. Labels must include:

e Product name.

 Name, address, and phone number of the
manufacturer, importer, or supplier.

e Hazards of the product including information such as:

- Precautionary warning words, such as caution or
warning.

- Reactivity hazards of the product. For example,
can the product be safely mixed with water?

- Health hazards of the product, such as cancer-
causing or respiratory irritant.

- Target organs that might be affected by exposure,
such as the lungs or kidneys.

- Measures to protect the user, such as adequate
ventilation or protective clothing.

- Emergency first-aid information. For example,
wash exposed areas with water for 15 minutes.

Information might be presented on the container in the
form of a sign, symbol, or written word. Important
warning words frequently used on labels include:

e (Caution — Use with care. Workers are at some risk.

 Warning — The product presents more risk than one
with a caution label.

* Danger — The most severe rating. The product
presents a serious potential threat.

© Laborers-AGC, June 2000
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2 - Propanol g~

WARNINGS! FLAMMABLE FLASH SAFETY CODE
POINT...59°F. HARMFUL IF INHALED. 20,000 ppm,
IMMEDIATELY DANGEROUS TO LIFE AND HEALTH. Goggles
S
Ny

CAUSES IRRITATION TO EYES, SKIN, AND MUCOUS Gloves
MEMBRANES. IRRITANT AND ANESTHETIC.
For laboratory and HARMFUL IF SWALLOWED. OVEREXPOSURE MAY
manufacturing use only, - cAUSE NARCOSIS, DEPRESSED RESPIRATION,
not for drug, food, or  ANEMIA, UREMIA, COMA, AND DEATH FROM NEPA
household use. RESPIRATORY PARALYSIS. CODE
Class 1B TARGET ORGANS AF_FECTED: Eyes, mucous
membranes, skin, respiratory and central nervous systems.
aL Do not breathe vapors. Keep container closed. Use only
with adequate ventilation by providing local exhaust or
S 7 7 7 9 8 process enclosure to meet permissible exposure limits
or use NIOSH recommended respirators listed in the
Material Safety Data Sheet. Keep away from heat, sparks,
ISOprOpanOl UN1219 and open flame. Wash thoroughly after handling. Do not
take internally. FIRST AID - INHALATION - Remove
from exposure area to fresh air immediately.

FisherScientific® ritFotes e

(412) 562-8300

Apron

ACETONITRILE
CAS NO. 75-05-08 NA-1648 RQ
WARNING!
FLAMMABLE
MAY BE HARMFUL OR FATAL IF SWALLOWED, INHALED, OR ABSORBED THROUGH THE SKIN.
MAY BE IRRITATING TO THE SKIN, EYES, AND RESPIRATORY TRACT.
TOXIC EFFECTS MAY BE DELAYED.

Before using this product, read the MSDS which contains more detailed precautionary measures, handling
instructions, and emergency procedures.

Keep away from heat, sparks, and flame. Avoid breathing vapor. Use with adequate ventilation. Avoid contact
with eyes, skin, and clothing. If contact is unavoidable, wear protective clothing, face protection, and gloves.
Wash thoroughly after handling and before eating, drinking, or smoking. Keep container closed.

FIRST AID:

If swallowed/ Give 1-3 glasses of water or milk and INDUCE VOMITING. Do not induce vomiting with a

victim is semi-conscious or unconscious person. GET IMMEDIATE MEDICAL ATTENTION.

conscious:

If in eyes: Flush immediately with plenty of water for at least 15 minutes. Eyelid should be held
away from the eye to ensure thorough rinsing. Get medical attention if irritation persists.

If on skin: Wash exposed area thoroughly with soap and water. Remove contaminated clothing and
shoes. Wash clothing and thoroughly clean shoes before reuse. GET MEDICAL
ATTENTION.

If inhaled: Remove affected person from the source of exposure. If not breathing, administer CPR. If

breathing is difficult, ensure a clear airway and oxygen may be given. GET IMMEDIATE
MEDICAL ATTENTION.

Standard Oil Chemical Company
(216) 586-4141
Cleveland, Ohio, 44114-2375, U.S.A.

Figure 2-6. Examples of two product labels.
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Special Labels Although special labels are not required by the standard,
employers may use them when hazardous chemicals are
transferred from larger to smaller containers on the job
site. These labels must not be removed or defaced
because they provide important information. Figure 2-7
shows a typical label used for identifying hazardous
materials with the Hazardous Materials Identification
System (HMIS). The name of the product is listed and
the appropriate boxes are marked under the headings:

e Target organs and effects
Health hazards

Physical hazards

Route of entry

The label in Figure 2-7 has circles in front of health,
flammability, reactivity, and protective equipment.

These circles are filled in with a letter or number from
the lists in the figure. Information from MSDSs, product
labels, and Department of Transportation (DOT) or
National Fire Protection Association (NFPA) labels are
also used to fill out these special labels.

There may be other labels on a hazardous chemical
container providing hazard information. The two most
common labels are from the NFPA and the DOT.
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NAME OF PRODUCT 2 - Propanol
e [OHEALTH

OLungs O Liver
O Kidney O Blood

() FLAMMABILITY

Hl Central Nervous System

H Respiratory System
HEALTH HAZARDS
| O Toxic [ Corrosive | @ R EA CTIVI TY
O Highly Toxic [ Sensitizer
M Irritant [ Carcinogen
O Reproductive Toxin [ None
| PHYSICALS HAZARDS | @ PROTECTIVE
Dlcombiatine aud D rgane peroide EQUIPMENT
[ Oxidizer [ Reactive

H Flammable Liquid/Solid [0 Flammable Gas
ROUTE OF ENTRY

M Inhalation

Oingestion

Il Absorption (skin or eye contact)

Key
UAJ Safety Glasses
Hazard Level Personal Protection Index () Splash Goggles
Face Shield
4 Severe Hazard A N ﬁ>
3 Serious Hazard Supplied Air
B AUV + = Respirat
2 Moderate Hazard Q  Respiatr
1 Slight Hazard c T + [ + i Chemical
0 Minimal Hazard [r Resistant Gloves
+ +
D ﬁ> [r i Chemical
Resistant Apron
E o o+ [+ O 0 P
Dust Air Purifying
F O + [ + i + O 0 Respirator
c WU + [ + (% Vapor Air Purifying
(52) Respirator
H @ * [r + i + (52) Combination Dust
Vapor Air Purifying
I A o+ [F o+ a a Respirator
J @ + [ + i + a Full Chemical
w Resistant Suit
+ + +
K Q [r w K Chemical
X ASK YOUR SUPERVISOR FOR l Resistant Boots
SPECIALIZED HANDLING DIRECTIONS

Figure 2-7. An example of an HMIS label with hazard and personal protection explanations.
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National Fire
Protection Association
Labels

The NFPA label is a hazard system identification label
developed to warn firefighters about potential chemical
hazards in a fire. It’s commonly used today and provides
important information to the worker.

The NFPA label is a diamond containing four squares in
different colors. The squares are red, blue, yellow, and
white. The red, blue, and yellow squares contain a
hazard rating, ranging from 0 to 4, that indicates the
severity of the hazard. The white square is reserved for
symbols representing special hazards.

Figure 2-8 shows an example of an NFPA label and
identifies the following:

* Color code designations
e Hazard ratings meanings
e Special hazard symbols

Table 2-2 is a more detailed explanation of the NFPA
color codes and hazard rating information.

Note: An NFPA label does not cover chronic health
effects. In addition, the names of the chemical, the
product, and the manufacturer are not given.

© Laborers-AGC, June 2000
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ooo Flammability Hazard
0oo (Red)

4 - Below 70° F

3 - Below 100° F

2 - Between100° F and 200° F
1- Above 200° F

0 - Will not burn

Health Hazard
(Blue)

Reactivity Hazard
(Yellow)

4 - Deadly

3 - Extreme danger

2 - Hazardous

1 - Slightly hazardous
0- Normal

4 - May detonate

3 - Shock or heat may detonate
2 - Violent chemical changes

1 - Unstable if heated

0 - Stable

(White)

ooo Special Hazard
0oo (White)

OXY - Oxidizer
COR - Corrosive

W 0O - Use no water
? - Radioactive

Figure 2-8. Sample NFPA label with color codes and hazard information.
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Table 2-2. NFPA color codes and hazard rating information

Health Hazard
Color Code: BLUE

Health hazards are noted in the blue

square and are rated from 0 to 4,
with 4 as the most dangerous level.

Type of Possible Injury

Flammability Hazard
Color Code: Red

Fire hazards are noted in the red
square and are rated from 0 to 4,
with 4 as the most dangerous level.

Susceptibility of Materials to Burn

Reactivity Hazard
Color Code: Yellow

Explosion hazards are noted in the
yellow square and are rated from O to
4, with 4 as the most dangerous
level.

Susceptibility to Release of Energy

4 | Extremely Hazardous
(deadly) - very short exposure
can cause death or major
long-term injury.

4 | Extremely Flammable (below
73°F) - turns into a gas
rapidly under normal
conditions and burns easily.

4 | Extremely Unstable (may
detonate) - under normal
conditions, this chemical may
explode or react violently.

3 | Highly Hazardous (extreme
danger) - short exposure can
cause serious temporary or
possible long-term injury.

3 | Highly Flammable (below
100°F) - liquid or solid can be
ignited at almost any
ordinary temperature.

3 | Unstable (shock or heat may
detonate or explode) - may
react with water, or may need
heating or another strong
initiating source.

2 | Moderately Hazardous
(hazardous) - intense or
continued exposure can cause
temporary or possible long-
term injury.

2 | Moderately Combustible
(between 100°F and 200°F) -
must be heated somewhat or
be in a very hot place before
ignition can occur.

2 | Unstable (violent chemical
changes) - may react violently
with water, or undergo
violent chemical changes
without exploding.

1 | Slightly Hazardous (slightly
hazardous) - exposure can
cause irritation but only
minor injury.

1 | Slightly Combustible (above
200°F) - must be heated
before ignition can occur.

1 [ Unstable if Heated - normally
stable, but can become
unstable when hot or under
pressure. Reactions with
water are not violent.

0 | No Health Hazard (normal) -
exposure under fire
conditions would offer no
hazard beyond that of
ordinary combustibles.

0 | Nonflammable or
Noncombustible - will not
burn.

0 | Stable - normally stable, even
in fire. Does not react with
water.

© Laborers-AGC, June 2000
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Department of
Transportation Labels

The DOT label is used on containers and cartons of
hazardous materials or products that are shipped across
state lines. These labels are in addition to those
required by OSHA regulations. A DOT label contains
three types of information: color, hazard word, and
hazard symbol. Figure 2-9 shows the DOT label for a
corrosive chemical. The combination of color, hazard
word and hazard symbol gives a great deal of
information about the hazardous material. However, the
DOT label does not identify the product’s name,
manufacturer, or chemical contents.

CORROSIVE

Figure 2-9. A DOT label for a corrosive
chemical.

Table 2-3 lists the color-coded backgrounds and hazard
words used on DOT labels. Figure 2-10 shows the
different hazard symbols used on the label.

When shipping hazardous materials, the severity of a
hazard may be indicated on the shipping container.
Hazards are divided into three packing groups:

e Packing GroupI - Great Danger
e Packing Group II - Medium Danger
e Packing Group III — Minor Danger

2-

24

© Laborers-AGC, June 2000



Hazard Communication

Table 2-3 . Color-coded backgrounds and hazard words found on

DOT labels
Color Codes Hazard Words

Orange Explosive
Blasting agent

Red Flammable
Combustible

Green Nonflammable

Yellow Oxidizer
Oxygen

Organic peroxide

White with red stripes

Flammable solids

Yellow and white Radioactive
White and black Corrosive
White Poison
Chlorine
Blue Dangerous when wet
Special Biological agent
y Exolosive Compressed gas
> P > Nonflammable gas
gm Flammable 'o' Radioactive
v
A~ Nowater < 5: Corrosive
NQ» Poisonous . .
S Biological agent
ﬁ Oxidizer

Figure 2-10. Examples of hazard symbols used on a DOT label

© Laborers-AGC, June 2000
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CHEMICALS USED IN
CONSTRUCTION

Acids, Bases, and
Alkalis

There are many hazardous chemicals used in
construction that workers may be exposed to. Most of
these chemicals are grouped into general categories of
similar hazards. The most common categories of
hazardous chemicals found on construction sites include:

* Acids, bases, and alkalis
e Adhesives and sealants
e (leaners

e Concrete

e Fuels
* Solvents
e Wood

Acids and bases (caustics) come in various forms—
gases,liquids, and solids. Examples of common acids
include sulfuric acid, hydrochloric acid, muriatic acid,
and nitric acid. Commonly used bases (caustics) are lye
(sodium hydroxide) and potash (potassium hydroxide).
Both acids and bases can easily damage the skin and
eyes. The seriousness of the damage depends on the
strength of the chemical, length of contact, and actions
taken.

Both acids and bases can be corrosive and can damage
whatever material they touch. The more concentrated
the chemical, the more dangerous it can be. Vinegar is a
mild form of acetic acid and can be swallowed or rubbed
on the skin with no damage. However, a concentrated
solution of acetic acid causes serious burns.

Different acids react differently when they contact skin.
Below are some examples:

e Mixing sulfuric acid with water produces heat. If
sulfuric acid contacts skin, it reacts with the skin’s
moisture and burns.

e If hydrofluoric acid spills on the skin, a worker may
not notice it. But hours later, the hydrofluoric acid
will have worked its way through the skin and into
the muscle tissue, causing deep burns. These burns
are painful and take a long time to heal. If serious
enough, they can cause death.

2- 26
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* Acids can damage the respiratory system when
inhaled. Some acids in a gas or vapor form react with
the moisture in the nose and throat causing irritation
or tissue damage. Acetic and nitric acid vapors
quickly penetrate the lungs causing serious damage.

In general, bases feel slippery or soapy. Soap is made
from a mixture of a base (lye) and animal fat.
Concentrated bases dissolve tissue easily and can cause
severe skin damage on contact. Concentrated caustic
gases, like ammonia, can damage the skin, eyes, nose,
mouth, and lungs. Even dry powder forms of bases can
cause damage when absorbed or inhaled, because they
react with the moisture in the skin, eyes, and respiratory
tract.

Always follow these rules when working with acids and
bases:

 Know what chemicals are being worked with and how
strong or concentrated they are.

» Use personal protective equipment, as required.

* In case of skin or eye contact, flush with cool water
for at least 15 minutes. Do not rub skin or eyes.

¢« When mixing acids and water, always add the acid to
the water to prevent splatter.

» Keep acids and bases apart. Store them separately
and cleanup spills promptly. Acid and bases react,
often violently, when mixed.

Cement and mortar are alkali compounds in their wet or
dry form. As dust and powder, they can damage the skin
and eyes when they react with moisture in the body.
Cement and mortar also can cause allergic reactions in
people who become sensitive to them.

© Laborers-AGC, June 2000
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Adhesives and
Sealants

Cleaners

All adhesives and sealants have some type of hazard
warning on the label. Because people often use them at
home and on the job, warnings are taken lightly or
ignored. However, adhesives and sealants are toxic
because of their chemically reactive ingredients, or
because of the solvent base that permits them to be
applied more easily.

Adhesives or sealants that contain solvents may be
flammable. Other types of adhesives, such as caulking or
wood glue, may irritate eyes and skin. When working
with any glue, avoid eye and skin contact. If the label
says the adhesive is flammable, use and store it away
from sources of ignition.

Epoxies contain epoxy amine resins and polyamide
hardeners, each of which sensitizes skin and irritates the
respiratory tract. Overexposure to epoxies can cause
dizziness, drowsiness, nausea, and vomiting. Extreme or
prolonged exposure can damage the kidneys and liver.

Flooring adhesives may contain acrylics that irritate the
skin and cause nausea, vomiting, headache, weakness,
asphyxia, and death. Other adhesives or sealants
contain coal tar derivatives that are suspected of causing
cancer. Avoid prolonged breathing of vapors or skin
contact.

Cleaners contain acids, alkalis, aromatics, surfactants,
petroleum products, ammonia, and hypochlorite. These
ingredients cause cleaners to be irritating, and they can
be harmful if swallowed or inhaled. Hazards from
cleaners include:

o Health hazards (eye, nose, throat, skin, and lung
irritation)

* Fire (some cleaners burn easily)

» Corrosive (cause severe skin damage)

Because of the variety of cleaning materials in use, there
are many signs and symptoms of overexposure.
Therefore, it is important for workers to read a product’s
MSDS to learn its specific signs and symptoms.

2- 28
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Concrete

Many industrial cleaners are products commonly found
in the home, so workers may underestimate the hazards
they pose. Workers can protect themselves from these
chemicals by taking the following actions:

e Read the labels and follow recommended precautions.
*  Wear gloves and eye protection.

 Wash hands and face thoroughly before eating,
drinking, or smoking.

* Do not inhale vapors or mists.

* Do not eat, drink, or smoke where vapors, mists, or
dust are in the air.

Do not mix cleaning chemicals together unless
specifically told to do so by a technical expert. Some
chemicals can become deadly when mixed. For example,
when bleach and ammonia or bleach and a drain cleaner
are mixed, chlorine gas is produced. Chlorine gas is toxic
and potentially explosive.

Cement and lime, components of concrete, can cause
adverse health effects such as skin irritation. The more
lime in the cement, the more irritating it is to the skin.
Cement that is even slightly moist can cause the skin to
become hard, dry, and thick. The skin often cracks and
can form ulcers. When water is added to cement, it
produces heat which can also irritate and burn the skin.
Cement dust also irritates the eyes, nose, and mouth.
Use proper personal hygiene and the appropriate PPE to
protect against cement’s irritating alkaline effects.

Once concrete has cured or hardened, the health hazard
to workers is dust which can damage the respiratory
system. The dust is created when cutting concrete.
Always try to use water to control the generation of dust.
Also wear the appropriate respiratory protection to
protect the lungs from the dust.

© Laborers-AGC, June 2000
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Fuels

The primary hazard posed by fuels is fire. Fuels are
either flammable or combustible and should be handled
with care. Follow these steps when handling fuel:

* Know the location of fire extinguishers, fire alarms,
and evacuation procedures when dispensing or using
fuels.

» Always store and transport fuel in approved, self-
closing safety containers.

e Store gasoline and kerosene in properly marked
containers. Never use kerosene containers for the
transport or storage of gasoline.

e  When filling portable containers with flammable
materials, properly ground and bond the container to
prevent ignition caused by static electricity.

* Use a bonding clamp to bond and ground containers
when dispensing fuels.

e Check that spark-arrestors are in place when using
portable containers.

 Remember, if a fuel is spilled, the vapors can travel
some distance to an ignition source resulting in fire or
an explosion.

* Do not store, use, or dispense fuel near arc welding or
open flames.

e Do not pour waste fuel and flammable liquids down
drains. See the MSDS for proper disposal procedures.

Excessive skin contact with fuels results in dermatitis.
Fuels can enter the body through the skin, and over a
long period, break down the fatty tissues and possibly
build up in the body. Excessive inhalation of fuels may
cause central nervous system depression and aggravate
any existing respiratory disease. Leukemia, a blood
disorder that usually causes death, is a potential side
effect of chronic (long-term) exposure to fuels. Ingestion
of fuels may cause poisoning and possible lung damage if
aspirated into the lungs when ingested. Acute exposure
to fuels may result in skin, lung, and respiratory tract
irritation.
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Solvents

Workers can protect themselves from these chemicals by
reading the labels and following the recommended
precautions. Wear gloves and eye protection and avoid
inhaling the vapors and mists. Wash hands and face
thoroughly before eating, drinking, or smoking. Specific
emergency first-aid procedures are given in the MSDS
for fuels. In general, if fuel gets into the eyes, flush with
clean running water for at least 15 minutes and then
seek medical attention. If it gets on the skin, wash the
area of contact.

A solvent is a substance, usually a liquid, that can
dissolve another substance. In construction, the most
commonly used solvents are cleaners, degreasers, and
thinners. There are two main classes of solvents:

1. Aqueous solvents (water-based), such as acids, alkalis,
and detergents.

2. Organic solvents (carbon-containing), such as acetone,
benzene, mineral spirits, toluene, trichloroethylene,
and turpentine.

The two most common ways solvents enter the body are
inhalation (breathing) or absorption (skin contact).
Exposure to water based solvents results in health effects
such as dermatitis and irritation. Excessive exposure to
aqueous solvents in the form of mists can cause throat
irritation or bronchitis.

Organic solvents cause more serious health effects,
depending on the solvent and the exposure level. All
organic solvents affect the central nervous system by
acting as depressants or anesthetics. Effects can range
from dizziness and headaches to respiratory arrest and
death. Workers exposed to organic solvents can also
experience:

* Nose, throat, eye, and lung irritation
* Damage to the liver, blood, kidneys, and digestive
system

© Laborers-AGC, June 2000
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Wood

Upon contact with the skin, an organic solvent will
dissolve the oils in the skin. The skin becomes dry and
irritated, producing cracking, and skin rashes. Once a
solvent penetrates the skin, it enters the bloodstream
and can attack the central nervous system and other
body organs. Like all chemicals, the effect a solvent has
upon a worker depends on several factors:

e The chemical’s toxicity

e Length of exposure

e The body’s sensitivity level
e Solvent’s concentration

Workers can protect themselves from solvent hazards by
following these simple rules:

 Know what chemicals are being used.

 Wear appropriate PPE, such as gloves, safety glasses,
and respirators to prevent contact with the skin, eyes,
and lungs.

» Ensure the work area has plenty of fresh air.
* Avoid skin contact with solvents.

»  Wash with plenty of soap and water if skin contacts
the solvent.

e If a solvent splashes into the eye, flush with running
water for at least 15 minutes and get medical help.

The primary concern regarding wood is pressure-treated
lumber. The pressure treatment process uses inorganic
arsenic, copper, zinc, a pesticide, or a combination of
these, sometimes called CCA (chromated copper arsenate)
to protect the lumber from decay and insect attack. The
chemicals are forced deeply into the wood where they
remain for a long time. As a result, treated wood,
whether fresh from the lumber yard or found in an
existing structure, can pose health hazards if not
handled properly.
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TYPICAL
CONSTRUCTION
HAZARDS

Avoid inhalation of sawdust from treated wood. Wear a
dust mask when cutting, routing, sanding, or working
with treated wood. Whenever possible, perform these
operations outdoors to avoid indoor accumulations of
airborne sawdust from treated wood. Keep bystanders,
children, and pets from walking in the collected sawdust.

Some treated woods may appear damp and have
chemical residue on the surface. Use gloves when
handling freshly treated lumber and especially the
sawdust from freshly treated wood.

Clean up all wood construction debris and dispose in
ordinary trash collection. Do not burn pressure treated
scraps in home stoves, fireplaces, or open fires, because
the chemicals may become part of the smoke and ashes.
Treated wood may be burned in commercial and
industrial incinerators or boilers, according to state and
federal regulations. Do not use treated wood in
circumstances where the wood will come in direct contact
with food or with public drinking water sources.

Acute allergic reactions have been reported following
contact with mahogany, birch, beech, and other untreated
woods. These reactions include hives, respiratory tract
irritation, and general swelling. To reduce the likelihood
of such a reaction, use good personal hygiene. Wash
hands and face thoroughly. Take meals and breaks away
from the work area. Upon completion of work, remove
work clothing and launder separately from non-work
clothing. Shower thoroughly to remove any material in
contact with skin.

Table 2-4 provides a review of the typical hazardous
substances used in construction. Hazardous substances
are arranged by classes with information on each class
summarized in the table. The table covers the following
areas:

» C(Class — group of similar substances used for the same
purpose, such as abrasives or fuels.

» Examples — identifies examples of the commonly used
substances in each class.

© Laborers-AGC, June 2000
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e Routes of Entry — identifies how a particular
substance enters the body. Routes of entry include:

Inhalation (breathing)
Ingestion (swallowing)
Absorption (skin)

- Skin or eye contact

e Physical Hazards — describes the hazards a substance
holds for workers, such as explosive, flammable, or
compressed gas.

e Health Hazards — explains the health effects a
substance may have if workers are exposed to it.
Examples include irritating to skin, cancer-causing
and infectious.

e Target Organs — identifies which organs in the body
are affected by exposure to the hazardous substance.

 How Detected — a general guide as to how workers
might recognize this group of substances. For
example, fuels are usually liquids that have a
characteristic odor that is easily recognized.

e Types of Protection — provides some general
guidelines for workers on protecting themselves from
exposure, such as respirators and ventilation to
protect the lungs. It notes when a substance can be
transferred from the air or hands to food, drink, or
smoking materials.

Use this table as a general review of hazardous chemical
information. Always review the MSDSs for hazardous
chemicals used on the job site, especially when a
chemical is used for the first time. The MSDS may differ
from the information in the table. Follow the MSDS.

There are many hazardous chemicals used in
construction. Other construction trades are exposed to a
few of these chemicals. However, construction laborers
may be exposed to all of them.
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Hazard Communication 2

SECTION 2 - ASSIGNMENT SHEET

1. Define the following words:

Administrative controls

Engineering controls

Substitution

Time weighted average

2. Identify the following acronyms:

ACGIH

DOT

IDLH

MSDS

NFPA

NIOSH

PEL

TWA
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Hazard Communication

List the requirements of the Hazard Communication Standard’s written
program.

List the basic information that must be covered in the employer’s training
program for hazard communication.

List the information an employer must provide each employee.

List exposure control measures that protect workers from exposure.

2-40
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7. Demonstrate how to use MSDSs by answering the following questions. (Use
the sample MSDS on pages 2-15 through 2-17.)

What is the name of the product?

List the hazardous components of this product.

c. Is this product lighter than air?
Yes No

e

What is the appearance and odor of this product?
What is the flash point of this product?

Is this product flammable or combustible?

What is the extinguishing media for this product?

= S

Does this product contain cancer-causing components?

Yes No

1. Is respiratory protection required while using this product?
Yes No
J- What other PPE is to be used with this product?

k. What special precautions should be taken when using this product?

1. When was this MSDS revised?

m.  What is the emergency phone number for this product?
n. Is emergency and first-aid information given?
Yes No
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10.

List the information that must be given on a typical label.

List the three basic types of labeling systems.

Demonstrate how to read a label by answering the following questions. (Use
either label in Figure 2-6 on page 2-19.)

a. What is the name of the product?

b. Who makes it?

c. What is the physical hazard from this product?

d. What are the health hazards?

e. What are the target organs?
f. What are the safe handling recommendations?
g. What measures are to be used to limit worker exposure?

2-42
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11.

h. What is the first aid information given?

Complete the following questions using the chart. The chart describes a
worker’s exposure during a single working shift on a hazardous waste job site.

What is this worker’s TWA for this particular day?

Identify the worker’s exposure if the PEL for this chemical is 5 ppm?

Identify the worker’s exposure if the PEL for this chemical is 9 ppm?

8:00 am - 9:00 am
Workers arrive check drums 5 pme
9:00 am - 11:00 am

Opening separator unit 9 poI

11:00 am - Noon

Spill and leak cleanup 13 ppm I

Noon - 12:30 pm
Lunch No Exposure During Lunch

12:30 pm - 2:30 pm

Pick-up contaminated clothing 6 ppm I

2:30 pm - 3:30 pm

Loading waste drums on truck 7 pme

3:30 pm - 4:30 pm
Setup for following day I 1 ppm
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Section

HAZARDOUS WASTE
WORKER

Title

HEALTH EFFECTS

TRAINEE OBJECTIVES

After completing Section 3, you will be able to:

1.

10.

Match the following words with the proper definition or example:

Cancer Latency period
Dose Local effect
Ingestion Olfactory fatigue
Inhalation Systemic effect
Interaction Target organs

Identify the following acronyms.

CTD dB PFT

List three routes of entry and give two examples of each.

List six warning signs of chemical exposure.

List four forms of heat stress and give the symptoms of each.

List the actions a worker should take to prevent heat stress.

List the actions an employer should take to prevent heat stress in an employee.
List three purposes of medical testing.

Monitor pulse, temperature, and weight.

List the circumstances under which a worker may be subject to drug or alcohol
testing.
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3

INTRODUCTION

HEALTH AND
SAFETY IN THE
WORKPLACE

Worker health and safety involves a partnership between
employers and workers. Employers are responsible for
providing a safe and healthy workplace. Workers are
responsible for following all safety and health rules and
regulations. This section provides workers with
information on the history of workplace hazards, health
and physical hazards, and the physiology of the body. It’s
not possible to discuss the specific toxic actions of all
substances, although where possible, examples have been
used to illustrate the principles.

During the eighteenth and nineteenth centuries, as the
population of industrial workers increased, the health
and safety of workers became a growing concern. Many
publications were developed and legislation was passed
that was designed to protect the health of workers. The
U.S. Public Health Service and the U.S. Bureau of Mines
began studies of occupational diseases in the mining and
steel industries around 1910. Two years later, the Public
Health Service began investigating hazards in many
industries. In 1913, New York and Ohio established the
first state programs designed for the protection of
workers. By 1948, all states had passed such legislation.

The development of organized labor began in 1886 when
the American Federation of Labor (AFL) was formed by
25 craft unions. This event contributed to the growing
interest in improving working conditions and reducing or
eliminating health and safety hazards in the workplace.
The Laborers’ International Union of North America
(LIUNA) was organized on April 13, 1903, with 25
delegates in 17 cities, and began the task of improving
working conditions for Laborers.

Although these developments and others that followed
contributed to improved working conditions, the problem
remains enormous. Construction workers make up 5-6%
of the work force in the U.S, but they account for 20-25%
of all work-related deaths. The construction industry
continues to be one of the most hazardous industries.
Injuries to construction workers are six times more likely
to be fatal than those occurring in the manufacturing
sector and nine times more likely to be fatal than
injuries occurring in the service sector. According to the

© Laborers-AGC, June 2000
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most recent Bureau of Labor Statistics data, the lost-
workday injury rate for the construction industry is the
second highest of any major economic sector. Many of
the serious, work-related ailments of workers are not
caused by an acute injury. Rather, they develop slowly
over time. These conditions include:

e Musculoskeletal (muscles and skeleton) problems

e Lung diseases

» Illnesses caused by workplace exposures to
chemicals, noise, vibration, radiation, and/or other
hazards

The desire to eliminate injuries and diseases caused by
the work environment led to the following three major
pieces of legislation:

* Metal and Nonmetal Mine Safety Act of 1966 —
Health and safety standards for mines are defined in
this act. Also included in the act are provisions for
mandatory reporting on an annual basis of all
accidents, injuries, and occupational diseases of the
mines; worker training; and federal and state
coordination of inspection procedures.

» Federal Coal Mine Health and Safety Act of 1969 —
This act sets forth additional mine requirements for
ventilation and the use of respiratory equipment. It
provides, to the greatest extent possible, working
conditions in underground coal mines that are
sufficiently free of respirable dust.

* Occupational Safety and Health Act (OSH Act) of
1970 — This act sets forth provisions to “assure, so far
as possible, every working man and woman in the
nation safe and healthful working conditions and to
preserve our human resources.” Workplace
inspections, noting violations, and penalties have
increased the public’s awareness of health and safety
hazards. Statistics show a decrease in worker loss
time injury rates for construction in 1990-1993, from
6.6 to 5.4 hours per 200,000 hours. This decrease
indicates that the OSH Act along with the safety-
conscious efforts of the construction industry have
had some effect on decreasing workplace injuries.

3-4
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3

PERSONNEL

Industrial Hygienist

Safety Professional

Occupational Health
Nurse or Physician

Various professionals within the occupational health field
contribute to keeping workers safe and healthy. They
include:

e Industrial hygienists
o Safety professionals
e Occupational health nurses and physicians

Industrial hygiene is a profession concerned with
physical and health hazards that may impair the health
and well-being of workers. An industrial hygienist has a
a degree or degrees in engineering, chemistry, physics,
medicine, or a related biological science, and has
acquired competence in industrial hygiene. The special
studies and training must have provided the following
abilities:

e To recognize the environmental factors and stresses
associated with work operations and to understand
their effects on humans and their well-being.

» To evaluate, on the basis of experience and with the
aid of quantitative measurement techniques, the
magnitude of these stresses and their ability to harm
human health and well-being.

* To recommend methods to eliminate, control, or
reduce such stresses when necessary to reduce the
effects.

Safety professionals study work operations, look for
potential hazards, and make recommendations to
employers and workers on how to minimize health and
safety hazards. The safety professional is usually
responsible for keeping health and safety records and
issuing personal protective equipment (PPE), such as
respirators, safety shoes, hard hats, and hearing
protection. They also maintain an awareness of the
potential for hazardous exposures and must investigate
any work-related illnesses or injuries. They may be
responsible for safety training and education.

Medical personnel are responsible for carrying out health
care programs using proper medical screening and
recommendations to prevent worker disability. These

© Laborers-AGC, June 2000

3-5



Health Effects

HEALTH AND
PHYSICAL HAZARDS

CHEMICAL HAZARDS

Dose

professionals have obtained by graduate training and/or
extensive industrial experience, a wide knowledge of
chemicals and physical agents, their health effects, the
signs and symptoms of chronic and acute exposures, and
the treatment of adverse health effects. They maintain
appropriate records, as well as provide medical forms,
literature, and other data needed for an effective medical
program.

As the study of hazards progressed, it became apparent
that there were two major categories of hazards—health
and physical. Health hazards discussed in this section
include:

e Chemical
e Biological
e Krgonomic

Physical hazards discussed in this section include:

e Temperature extremes
* Noise
e Radiation

All of these hazards can harm the body by causing
illnesses or injuries over a short term and/or long term.

A chemical is considered a poison (toxin) when it causes
harmful effects or interferes with the way the body
works. Only those chemicals that are associated with
harmful health effects are designated as poisons. When
a chemical is toxic to humans, it means the substance is
poisonous to humans.

Exposures result from inhaling chemical contaminants in
the form of vapors, gases, dusts, fumes, or mists, by
ingesting contaminants, or by absorbing them through
the skin or eyes. The degree of the hazard depends on
the dose of a substance. Dose is defined by the amount
or concentration of a substance received over time. It is
the most important factor in determining if a worker will
have an adverse health effect from a chemical exposure.

3-6
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Chemical Reactions

Synergism

Dose is determined by:

e The length of exposure — how long the worker is
exposed: 1 hour, 1 day, 1 year, 10 years, etc.

* The concentration of a substance in the air — the

amount absorbed through the skin, ingested and/or
inhaled.

The longer a worker is at a particular job and the more
chemical agent that gets into the air, on the skin, or is
ingested, the higher the potential dose. In general, the
greater the amount of the chemical that enters a
worker’s body, the greater the effect on the body. The
connection between the amount and the effect is known
as the dose-response relationship.

A chemical reaction occurs when chemicals combine to
produce a new substance and a release of energy. The
effects of one chemical may be increased by another
chemical. Or the new substance may act differently than
either of the original chemicals and be more hazardous.
When household bleach and drain cleaner (lye) are
mixed, they react to form two highly dangerous
substances—chlorine gas and hydrochloric acid.

An interaction occurs when exposure to more than one
substance results in a health effect different from the
effects of either one alone. There are two types of
interactions—synergism and potentiation.

Synergism is a process whereby two chemicals produce
an effect that is greater than both of their effects
together. For example, smoking one pack of cigarettes
per day or being heavily exposed to asbestos may
increase the risk of lung cancer 6 to 10 times that of a
person who has had neither exposure. However, if a
person smokes cigarettes and is exposed to asbestos, the
risk of lung cancer may be 50 to 90 times higher than for
someone who has not been exposed to either. Another
example involves carbon tetrachloride (a solvent) and
ethanol (drinking alcohol). Both substances can damage
the liver. If a worker is overexposed to carbon
tetrachloride and drinks too much alcohol, over time the
liver damage can be much greater than the individual
effect of each chemical added together.

© Laborers-AGC, June 2000
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Health Effects

Potentiation

TYPES OF
EXPOSURES

Acute Exposure

Chronic Exposure

Potentiation occurs when an effect of one substance is
increased by exposure to a second substance which would
not cause that effect by itself. For example, acetone does
not damage the liver by itself, but it can increase the
ability of carbon tetrachloride to damage the liver.
However, only a few chemicals have been tested to see if
they will interact with other chemicals. Therefore, it is a
good work practice for workers to keep their exposures to
all chemicals as low as possible.

A chemical exposure can be either an acute exposure or a
chronic exposure.

An acute exposure is a single short exposure, or a few
short exposures, usually to a relatively large
concentration of a chemical. An acute exposure may
have both immediate and delayed effects on the body.
For example, ammonia causes an immediate irritation to
the eyes and nose. However, if the dose is large enough,
ammonia may cause severe respiratory distress,
including pulmonary edema (fluid in the lungs), up to 6
hours after exposure. Another example is nitrogen
dioxide produced during arc and gas welding. It may
initially cause nose, eye, or throat irritation, but signs
and symptoms of severe lung damage can occur 6 to 8
hours after exposure.

A chronic exposure is a repeated exposure that occurs
over months and years, usually at relatively low
concentrations of the chemical. Chronic exposure is
hazardous because some chemicals can accumulate in the
body. Sometimes the body does not have enough time
between exposures to repair itself.

The body has several organs that attempt to change
chemicals to less toxic forms and eliminate them from
the body. The liver and kidney are two examples. If the
rate of exposure to a chemical is greater than the rate at
which the chemical is eliminated, chemicals will build up
in a worker’s body. Ammonia does not accumulate in the
body at all, while lead may be stored in the body for
years, and asbestos remains in the body forever.

3-8
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TYPES OF HEALTH
EFFECTS

Local Effect

Systemic Effect

Prompt Effect

Health effects that result from chemical exposures can be
described as either local or systemic and acute or chronic.
Local and systemic refer to where the body is affected.
Acute and chronic refer to how fast the effects occur.
Chemicals can cause acute (short-term) or chronic (long-
term) effects. Whether or not a chemical causes an acute
or delayed effect depends on the chemical and the dose.

A local effect occurs when the body is harmed at the point
where a chemical touches it. For example, benzene dries
and irritates the skin it touches. Likewise, if battery
acid is spilled on an arm, the burn received at the point
of contact is the local effect. A local effect can also occur
inside the body. For example, if a worker inhales acid
vapors, they can burn the tissues in the mouth or lungs.
The burns are a local effect.

A systemic effect develops in the body at some place other
than the point of contact. For example, the solvent
benzene has three routes of entry. It can be inhaled into
the lungs, absorbed through the skin, or ingested
through the mouth. Once inside the body, benzene can
affect the bone marrow, leading to anemia and/or
leukemia. (Anemia is a low red blood cell count in the
blood. Leukemia is a cancer of the bone marrow.)

Toluene is another solvent, and it can be inhaled,
absorbed through the skin or eyes, and ingested. Once in
the body, it damages the liver. The liver is known as the
target organ for toluene. A target organ is defined as
that organ or system affected by a chemical.

A prompt effect occur quickly, usually after an exposure
to a high concentration of a hazardous material. Most
prompt effects are temporary and go away shortly after
the exposure is removed. However, permanent damage
can occur if exposures are high enough. Examples of
chemicals and their prompt effects include the following:

e Carbon tetrachloride — Causes dizziness, nausea, and
at higher concentrations, coma and death.
(Sometimes used as a degreaser or solvent.)

* Acid mists — Causes eye and throat irritation,
coughing, sore throat, and chest pain.

© Laborers-AGC, June 2000
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Examples of Prompt
Health Effects on the
Body

Lungs

For most substances, neither the presence nor absence of
prompt effects can be used to predict whether delayed
effects will occur. Dose is the determining factor.
Exposures to cancer-causing substances (carcinogens)
and sensitizers may lead to both acute and delayed
effects.

A sensitizer is a chemical that can cause an allergic
response in the body. Not every person will have an
allergic reaction following an exposure to a sensitizer, nor
will all persons react with equal severity. Some allergic
reactions can even be fatal. The skin and lungs are the
organs most likely to be affected by a sensitizer. Allergic
reactions can include signs and symptoms such as
dermatitis, hives, sneezing, headaches, and asthma.

Chemicals known to be sensitizers include nickel, toluene
diisocyanate, and formaldehyde. Some common
environmental sensitizers are poison oak and poison ivy.

Chemicals found in hazardous waste work vary. They
can affect various parts of the body with a wide range of
effects. Examples include:

 Lungs

e Brain

e Nervous system
* Kidneys

e Skin

Some chemicals irritate the lungs and some sensitize the
lungs. Fluorides, sulfides, and chlorides are found in
various welding and soldering fluxes. During welding
and soldering, these materials can combine with the
moisture in the air to form hydrofluoric, sulfuric, and
hydrochloric acids. All three of these acids can severely
burn the skin, eyes, and respiratory tract. High levels
can overwhelm the lungs, burning and blistering them,
and causing pulmonary edema.

3-10
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Brain and Nervous
System

Kidneys

Skin

Delayed Effect

When inhaled, solvent vapors enter the blood stream and
travel to other parts of the body, particularly the nervous
system. Most solvents act like narcotics. They depress
and slow down the nervous system causing symptoms
such as:

e Dizziness

e Headaches

e Feelings of drunkenness
e Fatigue

One result of these symptoms may be poor coordination
that can contribute to falls and other accidents on the

site. Exposure to solvents may also increase the effects
of alcohol.

The kidneys are one of the organs that rid the body of
wastes. Kidney damage can occur after exposure to
solvents and heavy metals, such as lead, nickel, and
cadmium. Symptoms of kidney damage are fatigue,
lower back pain, and blood in the urine. Severe damage
may cause kidney failure.

Chemicals that touch the skin can cause rashes, ulcers,
blisters, and other skin disorders. Effects can occur
immediately or within hours, days, weeks, or months
after exposures. Most of the solvents cause some type of
dermatitis (inflammation of the skin). Corrosives cause
burns of varying severity.

Delayed effects take a long time to develop. Usually,
they are the result of repeated exposures to low doses of
a substance over a long period of time. Delayed health
effects may or may not be reversible. Examples of
chemicals and their delayed effects include:

e Carbon tetrachloride — Can cause liver damage or
cancer 10 to 40 years after the first low level
exposures.

e Asbestos - Can cause asbestosis or cancer of the lung,
pleura, stomach, or intestines. (Has no prompt effects
on the body)

e Acid mists — Can cause chronic bronchitis or
emphysema.

© Laborers-AGC, June 2000
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Latency Period

Chronic Diseases

Chronic Lung Disease

The time period between the first exposure and the
appearance of disease caused by the exposure is called
the latency period. Some delayed effects have very long
latency periods (10-40 years.) The following are
examples of latency periods:

e 10 years — benzene
e 15 years — vinyl chloride
e 25 years — arsenic

The concept of latency is one that workers should fully
understand. Exposure to a substance may cause adverse
health effects many years after the time of exposure,
with little or no effects at the time of exposure.
Therefore, it is important to avoid or eliminate all
exposures to hazardous substances when possible.

For many chemical agents, the adverse health effects
following a single exposure are different from those
produced by repeated exposures. For example, the
primary prompt effect of benzene is central nervous
system symptoms, but after repeated exposures, the
delayed effect can be leukemia.

A chronic disease is a disease that once contracted tends
to last a long period of time. Cancer is often used as an

example of a chronic disease. However, there are many

other types of chronic diseases that can be as serious as

cancer. Chronic diseases affect the functions of different
organs of the body.

Chronic exposure to asbestos or silica dust (fine sand)
causes scarring of the lung. The resulting diseases are
asbestosis (asbestos) and silicosis (silica). Exposure to
gases, such as nitrogen oxides or ozone, may destroy
parts of the lungs. No matter what the cause, a chronic
lung disease will make an individual feel short of breath
and limit his/her activity. Depending on the extent of
disease, chronic lung disease can kill. In fact, it is one of
the top ten causes of death in the United States.
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Scarring of the Liver

The Brain

Chronic Kidney Disease

Cancer

Scarring of the liver is called cirrhosis, and it is a chronic
disease. It’s also one of the top ten causes of death in the
United States. The liver is important for making specific
essential substances used by the body and for detoxifying
specific substances for elimination from the body.

Chronic liver disease can cause the following health
effects:

e Individuals feel tired all the time
* Muscles waste away
e Stomach swells from fluid accumulation (ascites).

Many chemicals can cause cirrhosis of the liver, such as
carbon tetrachloride, chloroform, and alcohol. Biological
agents (viruses) also may damage the liver. A viral
infection, such as Hepatitis B, may cause severe injury to
the liver and lead to chronic disease or death.

The brain is also affected by chronic exposure. Over a
period of time, chemicals can decrease 1Q, decrease the
ability to remember things, and/or change personalities.
These changes are usually small. Laborers exposed to
solvents, such as toluene or xylene in oil-based paints,
may find that their brain is affected in these ways over
time.

Kidney scarring is another example of a chronic disease.
Individuals who have severe kidney damage may need to
be either placed on dialysis to remove the body’s harmful
waste products or undergo a kidney transplant. Chronic
kidney disease has many symptoms. Examples include:

e Feeling tired all the time
e High blood pressure
e Swollen feet

Heavy metals, such as lead and mercury, as well as
solvents are suspected of causing chronic kidney disease.

Cancer is a chronic disease. Chemicals that cause cancer
are called carcinogens. Arsenic, asbestos, and benzene
are examples of carcinogens. There are no safe levels
of exposure for carcinogens. Exposure guidelines are
set at levels that reduce the probability of developing
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cancer from certain chemicals. Workers should keep
their exposure to any chemical suspected of causing
cancer as low as possible. This is true even if the

exposure is below the current, acceptable standards.

Cancer is not a single disease, but many diseases
affecting different parts of the body. It is not true that
“everything causes cancer” when taken in large enough
doses. In fact, most substances do not cause cancer, no
matter how high the dose. The problem is that the
number of chemicals that do cause cancer is unknown.
There are more than 60,000 chemicals used commercially
today. Of these, fewer than 400 have been adequately
tested to prove or disprove that they cause cancer. About
half of the 400 have been shown to cause cancer in
laboratory animals. Currently, the National Toxicology
Program lists 65 agents, substances, mixtures, and
exposure circumstances that are known to cause cancer.
Appendix 3-1 lists these carcinogens.

Determining the causes of cancer in humans is difficult.
Cancer usually has a long latency period (10-40 years). A
chemical must be in use for many years before enough
people have been exposed for long enough periods of time
for researchers to see a pattern of increased cancer cases.
Also, it is difficult to determine if increases in cancer in
humans is caused by exposure to one particular
substance. Exposure may have occurred many years ago
and been unknown or forgotten. In addition, workers are
usually exposed to many different substances over a
working lifetime. These factors make it difficult to
establish a relation between the cause (a chemical) and
the effect (cancer).

The study of cancer in humans is expensive, difficult,
and requires that people be exposed to a chemical that
may cause cancer (and risk getting cancer). Therefore,
chemicals are tested using laboratory animals. Animal
studies involve exposing test animals to large doses of
chemicals. If these doses cause cancer in a significant
number of test animals, the information is then used to
try to predict the risk for humans. However, animal
tests are expensive, take about three years to perform,
and often do not provide final, clear, and conclusive
results.
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PHYSICAL WARNING
SIGNS

ROUTES OF ENTRY

INHALATION

Physical warning signs are indications that hazardous
conditions may exist. Workers should watch for the
physical signs of exposure to toxic chemicals. If any of
these signs occur, leave the area and report the problem
to the supervisor immediately. Workers should not
return to the area until the cause of the symptoms has
been checked by a qualified person.

The six physical warning signs of chemical exposure are:

1. Breathing difficulties — breathing faster or deeper,
soreness, a lump in the throat

Dizziness, drowsiness, disorientation, difficulty
concentrating

Burning sensation in the eyes or on the skin

Weakness, fatigue, lack of energy

Chills, upset stomach

Odors and/or a strange taste in the mouth

N

o Ov s Lo

Chemicals can enter the body in three ways, and they
are called routes of entry. The three routes of entry are:

1. Inhalation
2. Absorption
3. Ingestion

When a route of entry is specified for any chemical, it
refers to the primary way a chemical enters the body. It
does not mean that it’s the only route of entry. Most
chemicals are not equally toxic by all routes of entry.

Inhalation is the most common route of entry for toxic
chemicals to enter the body. Chemicals usually do more
damage when inhaled because they are absorbed quickly
through the lungs. Also, since breathing is always
occurring, there is a constant opportunity for exposure.
The average resting adult breathes 5 liters (0.2 cubic
feet) of air per minute. The breathing rate can increase
to 20 liters (0.7 cubic feet) per minute when performing
hard physical labor. This is a large volume of air. In
order to understand inhalation as a route of entry, it is
necessary to understand a little about how the
respiratory system functions.
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The Respiratory The respiratory system consists of all the organs of the

System body that contribute to normal breathing. These organs
include the lungs as well as the airways leading to the
lungs (Figure 3-1). The body’s first defenses against
contaminants are found in the airways. The airways are:

Nose
Pharynx
Larynx

Trachea
Bronchi
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N
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’ g
N #
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Bronchi

Figure 3-1. The Respiratory System

The lungs are constantly exposed to the surrounding
atmosphere. About twenty times a minute, they take in
the surrounding air, along with whatever foreign
particles happen to be floating in it, at whatever
temperature it may be. To compensate, the lungs have
some remarkable protective devices.
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Natural Defenses

Air enters the nostrils and passes through a web of nasal
hairs. The air is warmed and moistened as some
particles are removed by collecting on the nasal hairs
and at the bends in the air path. The interior walls of
the nose are covered with membranes that secrete a fluid
called mucus. The mucus drains slowly into the throat
and serves as a trap for bacteria and dust in the air. it
also helps dilute toxic substances that enter the airway.

The cilia, another important air cleaner, are hair-like
projections that whip back and forth constantly. The
millions of cilia lining the nose and upper airways help
the mucus clean, moisten, and heat the air before it
reaches the lungs. The movement of the cilia is always
toward the outside of the body. In this way, they push
foreign matter upward, away from the delicate lung
tissues, so that it can be spit out or swallowed. Particles
that are too large for the cilia to get rid of usually
stimulate a sneeze or a cough which will forcibly expel
them. The cilia plus the mucus are called the
mucociliary escalator.

From the nasal passage, the air moves down through the
trachea and into the bronchi. Bronchi are the large
airways into the lungs and are located one on each side
of the chest. They divide and subdivide into smaller,
finer, and more numerous tubes, much like the branches
of a tree. There are approximately 25 to 100 million
branches in the bronchi. The smallest branches end in
more than 300 million air sacs called alveoli (Figure 3-2).

While the other structures of the respiratory system
move air in and out of the lungs, the alveoli deliver
oxygen to the blood for circulation throughout the body.
They also pick up carbon dioxide from the blood for
exhalation. Blood acts like a tank car, unloading carbon
dioxide and loading oxygen for distribution throughout
the body.

Both rate and depth of respiration increase with heavy
work. This increase in respiration means a greater
amount of air and possibly toxic substances getting into
the lungs. The body has natural defense systems to
combat toxic substances and foreign particles.
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Bronchi

Figure 3-2. The Location of the Bronchi and Alveoli in the Lungs

Natural defense systems include:

Coughing — Coughing is one of the first signs of air
passage irritation. It may occur at the time of an
adverse exposure or may be delayed. Delayed effects
often occur first thing in the morning.

Sputum production — Sputum is a mucus secretion of
the respiratory airways. Sputum production works to
help clear toxic particles, especially at night while
lying down.

Macrophage cell production — A macrophage is a large
white blood cell that ingests (eats) foreign particles.
It is another method the body uses to eliminate
particles from the air passages.

Certain toxic substances (nicotine in cigarettes) disable
the normal protective mechanisms of the lungs . This
increases the damage caused by exposure to other toxic
substances, such as tar in cigarettes.
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Susceptibility of the
Lungs to Toxic
Substances

The structure of the lungs allows oxygen to be absorbed
quickly into the bloodstream. First, the lungs have a
large surface area. If the branching airways of the lungs
were stretched out to a layer one cell thick, they would
cover approximately 75 square yards, an area about the
size of a tennis court. In addition, the body’s blood vessel
network has 117 square yards of surface area and a
continuous blood flow. However, these traits also make it
easy for some toxic chemicals to enter the bloodstream
quickly. A worker may inhale a toxic gas that is
absorbed so fast, it is not detected until ill effects set in.

Some substances are insoluble, which means they can
not be absorbed into the bloodstream. They are trapped
in the lungs for long periods of time, while the body tries
to destroy or remove them. These substances may cause
adverse health effects, such as:

e Allergic reactions

e Cancer
e Emphysema
e Fibrosis

e Inflammation

e Irritation

e Pulmonary edema
* Sensitization

The fate of a substance that reaches the lungs depends
on its solubility and reactivity. The more soluble the
contaminant, the more likely it will be an upper
respiratory irritant, such as sulfur dioxide. The more
soluble reactive particles may cause acute inflammatory
reactions and a build-up of fluid in the lungs (pulmonary
edema). The less soluble materials may reach the lower
lungs causing lung dysfunction. Or the particles may
stick in the alveoli and be engulfed by macrophages that
can move them back to the mouth where they are
swallowed. Some chemicals that reach the digestive
tract by this method may then be absorbed.

The size of the particle greatly influences where it will be
deposited in the air passages. Normally the larger the
particle, the closer to the mouth it is deposited. Smaller
particles may move to the lower portions of the lungs.
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Inhaled contaminants that adversely affect the lungs or
body fall into three categories:

1. Aerosols and dusts — May cause either tissue damage,
tissue reaction, disease, or physical plugging when
deposited in the lungs.

2. Toxic gases — May produce adverse reactions in the
lungs’ tissues. For example, hydrogen fluoride is a
gas that causes chemical burns.

3. Toxic aerosols or gases that don’t affect the lung
tissue, but are passed into the bloodstream — The
blood carries the substance to other organs, and/or it
affects the ability of the blood to carry oxygen. For
example, an inhalation exposure to solvents may
result in impairment of the central nervous system,
liver, or kidneys.

Three things must be known about inhaled contaminants
before the toxic effects can be determined:

1. Identity of the contaminant
2. Dose
3. Frequency of exposure

Every part of the respiratory system can be injured from
inhaling certain kinds of gases and particles. Injuries or
changes that result from contaminated air include:

* Airflow resistance through the bronchi

* Formation of a large amount of mucus

» Paralysis or destruction of cilia

e Cell injury

* Development of scar tissue (pulmonary fibrosis)

* Change to the cell structure or the formation of
cancer

The type and severity of the body’s response is related to
the dose and the nature of the specific contaminant
present. Air that looks dirty or has an offensive odor
may pose no threat to the tissues of the respiratory
system. In contrast, some gases that are odorless, or at
least not offensive, can cause severe tissue damage.
Particles that normally cause lung damage are so small
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Health Effects of
Airborne
Contaminants

Dusts

Fumes

they can’t even be seen. Many times, however, large
visible clouds of dust are a good indicator that smaller
particles are also present. Sandblasting is one activity
that involves a risk of this type of exposure.

One way to gauge lung damage is to measure vital
capacity. Vital capacity is the amount of air that a
person can get into their lungs with deep inhalation.
This type of measurement is called a pulmonary function
test (PFT). If the vital capacity of the lungs is tested
before any exposure (baseline), then early damage can
often be detected by testing after an exposure. When a
baseline record of a healthy organ exists, in this case the
lung, testing after a job is over, at the termination of a
job, or annually may indicate injury as the PFT results
show decreases over time. The trend may indicate the
need to take some action at the job quickly. Trends may
also indicate early onset of irreversible disease processes
before permanent lung damage has developed. Normal
activity, age, race, sex, and height are taken into
consideration for an accurate assessment of lung
functions.

Worker exposures are often the result of airborne
contaminants, such as dusts, fumes, gases, mists, or
vapors. Each of these contaminants have different
actions and physical properties. These contaminants are
instrumental in creating respiratory hazards, such as
oxygen deficiency and contaminated air.

Some dusts have no effect on the body. They don’t seem
to harm the body or be changed by the body’s chemistry
into other harmful substances. Most harmful dusts
cause damage only after being inhaled. Others, like
cement and arsenic, can also directly affect the skin.
Sandblasting is an activity where workers are at high
risk of silica exposure.

Pneumoconiosis (pronounced, new-mo-cone-e-0-sis) is a
broad term used to describe lung injury caused by the
delayed effects of breathing dusts.

Many fumes irritate the skin and eyes. However, these
fine particles primarily affect the body when they’re
inhaled. An inhalation exposure sometimes results in an
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Gases

Mists

Vapors

prompt effect referred to as metal fume fever, especially
if the fumes are from metals such as zinc, cadmium, or
magnesium.

The small size of the fume particles allows many of them
to get past the body’s natural defenses. They can then
reach and irritate the lungs. Their small size and ability
to spread out in the lung fluids allows fumes to pass
easily from the lungs into the bloodstream, thereby
damaging other parts of the body. Many fumes, such as
lead fumes, affect the liver, kidneys, and nervous system.
They are called systemic poisons.

Toxic gases can directly irritate the skin, throat, eyes, or
lungs. They may also pass from the lungs into the
bloodstream, damaging other parts of the body.

The body’s defenses against some gases include detecting
smells, tearing eyes, and coughing. Ammonia’s irritating
effects and odor warn workers of exposure. However,
workers may be exposed to some gases without knowing
it, such as carbon monoxide.

Some gases may dull the sense of smell after a while.
This condition is called olfactory fatigue. Hydrogen
sulfide with its characteristic rotten egg odor is such a
gas. After a short exposure to hydrogen sulfide, a worker
is no longer able to smell the gas. The natural warning
sign provided by the sense of smell no longer occurs.
Therefore, the sense of smell is a poor way of detecting
any type of exposure to hazardous substances, and
should not be relied on.

Many mists and fogs damage the body if they are
inhaled, or if they make direct contact with the skin and
eyes. Like fumes, mists are small enough to by-pass the
respiratory system’s defenses and get deep inside the
lungs. There they pass easily into the bloodstream to
other parts of the body. Examples include acid spray
mists and paint spray mists.

Both vapors and the materials from which they
evaporate can harm the body. Many vapors directly
affect the skin causing dermatitis, while some can be
absorbed through the skin. When inhaled, most vapors
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Oxygen Deficiency

pass through the lungs to the bloodstream and damage
other parts of the body. Some of these materials can
cause cancer or damage the liver, kidneys, and blood.
Solvents are common materials that give off vapors as
they evaporate.

The body requires oxygen to live. If the oxygen
concentration decreases, the body reacts in various ways
as shown in Figure 3-3. Death occurs rapidly when the
concentration of oxygen in the air falls below 5%.

>23.5% Oxygen-enriched (OSHA)
23.5% Maximum for safe entry
21% Oxygen in normal air
19.5% Minimum for safe entry
<19.5% Oxygen-deficient (OSHA)
16% Impaired judgement and
breathing difficulties
12% - :
8% Unconsciousness almost certain
5% Death In minutes

Figure 3-3. Oxygen Levels and Effects on the Body

Oxygen deficiency is a major health hazard that can
result from an asphyxiant. There are two main types of
asphyxiants. Both can can cause loss of consciousness,
serious injury, and death.
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Simple Asphyxiant

Chemical Asphyxiant

The two types of asphyxiants are:

1. Simple asphyxiant — Chemical gas or vapors at such a
concentration in a confined space that the oxygen
content is below a level that will sustain life.

2. Chemical asphyxiant — Substance that reduces or
blocks the ability of the blood to carry oxygen.

A simple asphyxiant has little or no ability to harm the
body as a poison, but when it’s present in high
concentrations, it displaces oxygen. In this way, it
creates an atmosphere that cannot support life.
Examples of simple asphyxiants include:

e Methane

e Carbon dioxide
* Natural gas

* Nitrogen

e Helium

A chemical asphyxiant reduces or blocks the body’s
ability to carry or transfer oxygen. Some chemicals
combine with the hemoglobin in red blood cells.
(Hemoglobin is the part of the blood cell that carries the
oxygen.) For example, carbon monoxide binds more
easily with hemoglobin than oxygen does. Therefore,
when carbon monoxide is present in the blood, it
prevents the blood from picking up oxygen and
transporting it to the body’s cells. The amount of oxygen
carried to the body cells, including the vital organs (e.g.,
brain, heart), is reduced.

Exposures to high levels of carbon monoxide can prevent
the body from getting enough oxygen, severely affecting
the heart and brain. Early symptoms of carbon
monoxide exposure are headache, dizziness, and nausea.
Higher exposures can result in passing out, coma, or
even death. People with existing heart conditions are
more likely to suffer additional heart damage if exposed
to carbon monoxide. Smokers already have higher than
normal levels of carbon monoxide in their bloodstreams.
A burning cigarette produces fairly high carbon monoxide
levels. In addition, carbon monoxide is present in the
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ABSORPTION

The Skin’s Functions

Protects the Body

exhaust from heavy equipment, generators, or
compressors. It is also produced as a by-product of
welding and soldering operations.

Other chemical asphyxiants interfere with processes that
transfer oxygen from the lungs to the blood, or from the
blood into the body cells. Examples of these asphyxiants
include hydrogen sulfide and hydrogen cyanide. The
result is that the body doesn’t have enough oxygen to
sustain life.

Absorption is the route of entry into the body through
the skin (either broken or unbroken) and sometimes
through the eye. The skin is the largest organ of the
body, covering about 19 square feet of surface area. Like
the lungs, the skin has a large network of blood vessels
close to the surface. Chemicals are absorbed or passed
through the skin and enter the bloodstream. These
chemicals then travel to other organs and cause damage.
Many chemicals, especially solvents, dissolve the oils in
the skin. The skin becomes dry and cracked, making it
easier for other chemicals to be absorbed through the
skin and into the bloodstream.

The skin performs three important functions:

1. Protects the body
2. Regulates body temperature
3. Contains nerve receptors

The skin is often the first barrier against hazardous
contaminants. Intact skin provides a protective barrier
and hinders the absorption of chemicals. When a
substance touches the skin, five actions are possible:

1. The skin and its associated layer of fat (lipid) cells act
as an effective barrier against penetration, injury, or
other forms of irritation.

2. The substance reacts with the skin surface and causes
a primary irritation, such as dermatitis (a local
effect).
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Regulates Temperature

Contains Nerve
Receptors

Health Effects

3. The substance penetrates the skin and accumulates
in the tissue, resulting in allergic reactions (skin
sensitization).

4. The substance penetrates the skin, enters the
bloodstream, and acts as a poison to other parts of the
body (systemic effect).

5. The substance penetrates the skin, dissolves the fatty
tissues, and allows other substances to penetrate the
skin layers.

Each individual’s skin reacts in different ways when
exposed to the same chemical, physical hazard, or
biological contaminant. The skin must protect the body
against:

e Bacteria and fungus

* Injury to sensitive internal organs
e Radiation from the sun

* Moisture loss

e Penetrating objects

The skin also regulates body temperature. One square
inch of the skin contains about 15 feet of blood vessels.
These blood vessels expand (dilate) when the body needs
to lose heat, or shrink (constrict) when the body must
retain heat. There are about 2 million sweat glands over
the surface of the body that are controlled by a heat
regulator in the brain. As temperature increases, the
body uses the evaporation of sweat from the skin to get
rid of excess heat.

The skin is the organ that senses touch for the central
nervous system. The nervous system in the skin
contains hundreds of pain receptors, plus pressure, heat,
and cold receptors.

Most job-related skin conditions are caused by repeated
contact with irritants, such as:

e Solvents

e Soaps and detergents
e Particulate dusts

e OQils and grease

e Metal working fluids
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Eye Injuries

The resulting skin irritation is called contact dermatitis
and has symptoms such as red and itchy skin, swelling,
ulcers, and blisters. Dermatitis accounts for 30% of all
reported occupational illnesses and is the number one
occupational disease. The severity of the reaction
depends upon the dose, as well as the presence of
abrasions, sores, and cuts which open a pathway through
the skin and into the body.

Different parts of the body absorb chemicals at very
different rates (Figure 3-4). Serious and even fatal
poisonings have occurred from brief skin exposures to
highly toxic substances, such as parathion or other
related organic phosphates (weed and insect Kkillers),
phenol, and hydrocyanic acid. Compounds that are good
solvents for grease or oil, such as toluene and xylene,
may cause problems by being readily absorbed through
the skin. Abrasions, lacerations, and cuts may greatly
increase the absorption, thus increasing the exposure to
toxic chemicals.

HIGH
(Forehead / Scalp)

MEDIUM
(Back / Forearm)

VERY HIGH

(Scrotum) LOW (Palm)

LOW
(Foot / Ankle)

Figure 3-4. Absorption Rates for Male Workers

The importance of the human visual system in life is
clear. Of all the major body organs prone to work-site
injuries, the eye is probably the most vulnerable.
Consequently, protection against eye and face injuries is
a major concern for workers and employers.
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Eye Hazards

The eye is an organ of sight and is not designed for the
demands of prolonged viewing at close distances seen in
today’s workplace. Although the eye does have some
natural defenses, it has none to compare with the
healing ability of the skin, the automatic cleansing
abilities of the lungs, or the recuperative powers of the
ear. For this reason an eye injury may be described as
the most traumatic loss to the human body.

Of physical injuries, foreign materials entering the eye is
by far the most common. Effects that can be expected
from foreign bodies entering the eye are:

* Pain - The cornea of the eye is densely covered with
nerves and any object sitting on the surface of the
cornea causes pain.

» Infection - Bacteria or fungi may be carried to the eye
on a foreign particle or by fingers used to rub the eye.

e Scarring - Tissue scarring that has healed may
obscure vision.

 Damage - The eye may be damaged by particles flying
into the eye. The severity will depend on the angle
and point of entry, as well as the speed of a particle.

Heat can damage eye and eyelid tissue just as it does
other body tissue. High intensity light may have
sufficient energy to damage the eye tissue. Exposure to
ultraviolet (UV) light from welding operations (know as
welder’s flash) may severely damage the eye.

UV light from the sun may also damage the eyes.
Results from many studies show that long hours spent in
the sun without adequate protection increases the risk of
developing cataracts. Workers can also receive indirect
UV exposure as sunlight reflects off of snow, sand, water,
and concrete.

The effects of accidental chemical exposure to the eye can
vary from mild irritation to complete loss of vision. In
some cases, a chemical that does not actually damage the
eye may be absorbed through the eye tissue in sufficient
quantities to cause systemic poisoning.
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Eye Protection

INGESTION

Exposure to caustics are much more damaging to the
eyes than acids. On the first day after a caustic
exposure, the eye may not look too bad. However, it may
deteriorate markedly on succeeding days. This is in
contrast to acid burns where the initial appearance is a
good indication of the ultimate damage.

Eyes need protection from flying particles encountered in
jobs, such as chipping, grinding and overall construction
work. Workers on hazardous waste sites should also be
protected from possible chemical exposures to the eyes.
General types of protective equipment are:

* Glasses with impact resistant lenses and side shields
e Cushion fitting goggles
* Face shields

To protect the eyes from damaging UV light, it is
necessary to wear glasses that block 99% to 100% of the
UV light. Glasses with labels that say, “blocks dangerous
UV rays” are not enough. To ensure sufficient protection
against UV light, the glasses must be labeled as follows:

o UV absorption up to 400 nanometers (nm)
* Special purpose
 Meets ANSI UV requirements

Visible and infrared light also produce harmful effects
and should be protected against.

Ingestion is the third route of entry. It is the act of
taking food or any substance into the body by the mouth
(eating or drinking). Many workers on the job site
unknowingly ingest harmful toxic chemicals. These toxic
chemicals are then absorbed from the gastrointestinal
tract into the blood. Lead oxide, found in the red paint
on I-beams, causes serious problems if ingested through
eating or smoking. Good personal hygiene habits, such
as thoroughly washing face and hands before eating, are
essential to preventing exposure by ingestion.

Inhaled toxic dusts can also be swallowed in amounts
large enough to cause poisoning. (The mucociliary
escalator moves the dusts and mucus out of the

© Laborers-AGC, June 2000

3-29



Health Effects

REPRODUCTIVE
HAZARDS

respiratory tract and into the mouth where it is
swallowed.) If a toxic material is easily dissolved in
digestive fluids, the absorption into the bloodstream is
sped up. Ingestion toxicity is normally lower than
inhalation toxicity for the same material. The reason is
that many chemicals are not easily absorbed from the
intestines into the bloodstream.

After absorption from the intestinal tract into the
bloodstream, the toxic material generally goes to the
liver. The liver detoxifies the material, which means it
changes or breaks down the material. This detoxification
process is an important body defense mechanism.

Liver detoxification involves the following steps:

1. Toxic substance is deposited in the liver.

2. The liver changes the substance from toxic to nontoxic
(detoxifies).

3. Blood carries the nontoxic substance to the kidneys.

4. Substance is excreted through the kidneys and
urinary tract.

The liver cannot always detoxify a toxic substance.
Sometimes the process has the reverse effect. The liver
breaks down a toxic substance into components that are
more toxic than the original. These components may
build up in the liver to cause adverse health effects.
They may also be transported to other body organs,
damaging them.

Exposure to some chemicals can affect the reproductive
health of a man or woman. Infertility, problems during
pregnancy, and birth defects may result from chemical
exposures.

Male fertility may be affected by exposure to certain
chemicals. Sperm production may be abnormal, reduced,
or stopped entirely. For example, male workers at a
plant that manufactured a pesticide called
dibromochloropropane (DBCP) realized after talking
among themselves that none of their wives had become
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pregnant. When tested, the male workers found they
had reduced sperm counts, which was attributed to their
exposure to DBCP.

A female worker may be unable to become pregnant or
may have frequent early miscarriages as a result of
exposure to some chemicals.

Exposure to some chemicals can lead to mutagenic effects
in both males and females. A mutagenic effect is a
permanent change (mutation) to the genes or
chromosomes in the female ovum (egg) or male sperm.
The mutated gene(s) may be passed on to offspring and
result in birth defects.

A birth defect may also be a teratogenic effect. A
teratogenic effect occurs when the mother is directly
exposed to a chemical during pregnancy. The chemical
exposure can affect the developing embryo causing
damage.

Lead, mercury, ethanol, and ethylene oxide are examples
of the many chemicals that pose reproductive hazards.
In addition, mumps and rubella (measles) are examples
of biological (viral) reproductive hazards.

Biological agents may be a part of the total environment
or may be associated with certain occupations, such as
agriculture. Biological agents in the workplace include
bacteria, viruses, fungi, rickettsiae (organisms that cause
disease), and parasites of various types. Diseases can be
transmitted from animal to man. Infections and
parasitic diseases may also result from exposure to
insects or by drinking contaminated water. Exposure to
biohazards may seem obvious in occupations such as
nursing, medical research, laboratory work, farming, and
handling of animal products (slaughterhouses and meat
packing operations). However, workers on hazardous
waste sites may also be exposed to biological hazards.

Biohazards may be transmitted to a person through
inhalation, injection, ingestion, or physical contact.
Many plants and animals produce irritating, toxic, or
allergenic (causing allergic reactions) substances. For
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ERGONOMIC
HAZARDS

example, histoplasmosis, a lung disease contracted from
pigeon droppings, is a serious exposure risk for
hazardous waste workers. Workers involved with
demolition of abandoned buildings on hazardous waste
sites are at highest risk.

Dusts may contain many kinds of allergenic materials,
including insect scale, dead skin, hairs, fecal dust,
sawdust, plant pollens, and fungal spores. Other
hazards include bites or attacks by domestic and wild
animals. Laborers on some hazardous waste sites risk
exposures to bites from venomous snakes or poisonous
spiders.

The effects of biological hazards can range from mild
skin irritation to life-threatening viral or bacterial
diseases, such as rabies or malaria. Two of the most
common symptoms associated with biological hazards are
intestinal upset and skin irritation or infection.

Sometimes medical waste that has been dumped or
improperly disposed of may be encountered during
hazardous waste work. It is important to notify the
supervisor if this type of waste is encountered. Specific
instructions on handling medical wastes can then be
given and followed.

The word ergonomic is derived from the Greek word
meaning “the study of work.” Ergonomic principles
involve the way that workers interact with their
workplace. This includes:

 How workplace conditions (heat, light, noise, weather)
affect a worker’s performance.

* The way workers use their tools and equipment.

 How well the overall set up of the workplace fits
workers’ abilities and limitations.

The human body can endure considerable discomfort and
stress. It can also perform many awkward and
unnatural movements for a limited time. However,
continuing these movements for long periods of time may
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Lifting Injuries

Cumulative Trauma

exceed the physical limitations of the worker. Current
trends in analyzing ergonomic hazards in the workplace
have focused on two areas:

1. Lifting injuries — Musculoskeletal stress from
material handling problems (strains and sprains).

2. Cumulative trauma — Musculoskeletal stress
associated with operations that create cumulative
trauma (tendonitis, carpal tunnel syndrome, and
ganglion cysts).

Other ergonomic hazards include manual handling of
objects and materials where lifting and carrying is done.
Lifting is so much a part of many everyday jobs that
most people do not think about it. But lifting is often
done incorrectly, with unfortunate results, such as pulled
muscles or disk injuries.

Approximately 8 out of 10 people will experience back
pain in their lifetime. Back injuries account for 30% of
all work-related injuries and result in 18 million doctor
visits a year. These injuries represent billions of dollars
in medical costs and lost time dollars. Proper lifting
techniques, good nutritional habits, muscle tone, weight
management, stress management, and avoiding the use
of tobacco products help prevent back injuries.

Cumulative trauma disorders (CTD) occur when job
demands exceed the physical abilities of the worker.
They are also referred to as repetitive motion disorders.
CTD may cause injury to muscles, tendons, nerves,
joints, blood vessels, or ligaments, leading to
inflammation, restriction of movement, and specific
disorders of joints, muscles, or other body parts.

Vibration also contributes to the development of CTD.
More than 8 million workers in the U.S. are exposed to
vibration hazards on the job, including construction
workers. Workers who use chain saws, pneumatic tools,
and vibrating electric tools throughout the work shift are
at risk. According to the National Institute for
Occupation Safety and Health (NIOSH), an estimated 1.5
million workers who use vibrating tools may experience
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injuries to their fingers, hands and arms. Symptoms of
vibration-induced health problems affecting the fingers
include:

e  Numbness

e Pain

*  Whiteness of the fingers

* Loss of finger movement and coordination

This syndrome is often called “white finger disease” or
Raynaud’s disease. Stonecutters who used their hands to
guide the cutting tool called this injury “dead fingers.”

Whether a worker develops a hand-arm vibration
problem depends on several factors:

e The amount of vibration the tool causes

* The length of time a worker uses the tool per day, as
well as the cumulative amount of time per month
or year

e Environmental conditions (cold or hot weather)

e The worker’s tolerance to vibration

* A worker’s use of tobacco, alcohol, or drugs

Another injury that some workers experience is called
carpal tunnel syndrome. It occurs when repetitive and
stressful wrist motion causes irritation, fluid build-up, or
thickening of the carpal ligaments in the wrists. This
condition puts pressure on the nerve and causes pain.
Continued use of the wrist under these conditions results
in permanent damage to the nerve.

PHYSICAL HAZARDS Physical hazards may be defined as those hazards that
are the result of harmful levels of energy that could
cause injury to your body. Examples of physical hazards
include:

e Temperature extremes
e Noise
» Radiation
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Temperature
Extremes

Heat Stress

Extreme temperature conditions can affect the health of
workers and their ability to safely perform their tasks.
Knowing the signs and symptoms of heat stress and cold
stress can help workers prevent injury.

Heat stress is a major physical hazard on a hazardous
waste site and can occur without warning. It ranges in
severity from heat rash and muscle cramps to heat
exhaustion and heat stroke. Several factors contribute to
heat stress:

e Environmental conditions
e Clothing

Workload

»  Worker’s susceptibility

The chance of developing heat stress increases with
increased humidity, hot environments, and the use of
PPE. Since heat stress is one of the most common and
serious illnesses at hazardous waste sites, regular
monitoring and other precautions are essential.

The body maintains a normal temperature (98.6°F/37°C)
in a hot environment by sending more blood to the skin
and through sweating.

Initially the body cools itself by sending more blood to
the skin where heat is released. As the blood vessels
dilate to allow more blood to go to the skin, the amount
of blood available to other parts of the body decreases.
This includes the brain and muscles. Workers in hot
environments may feel tired sooner and be less mentally
alert. Both these factors, plus the awkwardness from
wearing PPE, contribute to an increased number of
accidents in the workplace.

As the air temperature increases, the body starts to
sweat. Heat is carried away as the sweat evaporates
from the skin. If the humidity in the air increases or if
the sweat can’t evaporate because of PPE, the body has
more difficulty keeping a safe temperature. When
individuals are severely stressed by the heat, they may
stop sweating. The lack of sweating indicates a
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breakdown in the body’s temperature regulator. This
breakdown can result in the most severe form of heat
stress—heat stroke.

Adequate rest periods, drinking large amounts of
replacement fluids, and frequent monitoring are
essential to prevent the consequences of heat stress.

Monitoring for Heat A worker can reduce the risk of heat stress by regularly
Stress monitoring pulse, body temperature, and weight loss.

e Check heart rate (pulse) during rest breaks. Ifit is
greater than 120 beats per minute, work time should
be reduced and rest time increased.

e Check temperature at the end of the work period but
before drinking fluids. If it’s higher than 99.6°F
(37.6°C), work time needs to be reduced and rest time

increased. If it’s higher than 100.6°F (38.1°C), PPE
needs to be removed.

e Check weight (in the nude) before and at the end of
the work shift. If the weight loss is greater than 1.5%
of total weight, more fluids need to be taken in during
work (Figure 3-5).

It’s also important to check others and yourself for signs
and symptoms of heat stress (Table 3-1). Seek treatment
if needed.

To calculate 1.5% of weight:
Normal weight = 200 1bs. 1.5% = .015
200 lbs x .015 = 3 1bs.

Drink more fluids if weight loss is greater than 3 lbs from the
start of the work shift to the end of the work shift.

Figure 3-5. Calculating 1.5% of Weight
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Table 3-1. Signs and Symptoms of Heat Stress

Types of Cause Signs/Symptoms
Heat Stress
Heat rash Heavy sweating when sweat is not easily removed Redness on skin
by skin evaporation. Blisters or a rash
Heat cramps Heavy sweating with inadequate electrolyte Muscle spasms
replacement. Pain in hands, feet,

and abdomen

Heat exhaustion Increased stress on various body organs and the Dizziness
circulation system. Caused by the inability of the Nausea
the heart to work properly and/or dehydration. Normal to low
temperature

Heavy sweating
Pale, cool, moist skin
Rapid pulse and

breathing
Fainting
Heat stroke Heat stroke is the most serious form of heat stress.  Dizziness, confusion
Temperature regulation fails. Body temperature Nausea
rises to critical levels, as high as 108° to 112°F. High fever
The body must be cooled immediately before Little or no sweating
serious injury or death occurs. Competent Red, hot, usually dry
medical help must be obtained. skin
Strong, rapid pulse
Convulsions
Coma
Death
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Individuals at Risk of
Heat Stress

Actions Employers

Should Take to Prevent
Heat Stress

Some workers may be at risk of heat stress because they
are:

Wearing protective clothing.

Dehydrated from diarrhea or fever caused by
infections.

Physically unfit or have not worked in a hot
environment in the preceding week (not acclimated).

Inflicted with chronic disease, such as heart disease
or diabetes.

Dehydrated from drinking alcohol excessively or using
drugs.

Overweight.

Regularly taking certain medications for depression,
nervous conditions, high blood pressure, diabetes, or
heart disease.

Employers should take the following actions to help
prevent heat stress:

No

Schedule adequate rest periods.

Provide shaded, and if possible, air-conditioned rest
areas.

Provide cool fluids to drink.
Provide medical screening, including vital signs.
Restrict activities.

Provide adequate first-aid facilities for treatment of
heat stress illness.

te: It is not recommended that workers take salt

tablets to replace the salt lost through sweating. A
normal diet contains more than enough salt.
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Actions Workers Should
Take to Prevent Heat
Stress

Evaluating Heat Stress
Potential

Cold Stress

Workers should take the following actions to prevent
heat stress:

e Drink 1.5 gallons (4-6 liters) of fluids (water or juices)
during the day, even when not thirsty. Alcohol, coffee,
soda, and tea are not good fluids to replace water loss.

e Maintain good physical fitness. Work cautiously until
the body has adjusted to the heat (become
acclimatized).

* Recognize the signs and symptoms of heat stress.
* Monitor pulse, temperature, and weight.

e Check with the doctor if chronic health problems
exist, or if medication is being taken.

If a worker experiences signs or symptoms of heat stress
while working, he/she should stop work immediately and
notify a supervisor or appropriately trained emergency
personnel. If a co-worker or buddy shows or complains of
heat stress symptoms, notify the appropriate person.

Heat stress potential is monitored by using the Wet Bulb
Globe Temperature Index (WBGT) developed by the
American Conference of Governmental Industrial
Hygienists. A workplace competent person, safety or
industrial hygiene technician, or medical professional
monitors heat stress conditions. Using the WBGT Index,
this person evaluates conditions in order to establish
worker rest/work schedules.

When air temperatures go down, the body maintains its
temperature by reducing blood flow to the skin. This
causes a marked decrease in skin temperature. The
most extreme effect is on fingers, toes, ear lobes, and
nose. Cold hands and fingers become numb and
insensitive, leading to an increased possibility of
accidents. If the restriction of blood flow to the skin does
not maintain body temperature, then shivering occurs.
(Shivering generates heat in the muscles.) If shivering
doesn’t warm the body, then a marked decrease in body
temperature may occur. If body temperature drops below
96°F, the condition is called hypothermia.
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Individuals at Risk of
Cold Stress

There are several harmful effects of cold stress:

Frostbite — The fluid surrounding the tissue cells of
body freezes, causing freezing of other body parts.
Fingers, toes, ear lobes, and the nose are especially
susceptible to frostbite. The first warning is a sharp,
pricking sensation. However, the numbness caused
by the cold increases the chance of frostbite occurring
without warning. Injuries vary from redness of the
skin and numbness to loss of skin and loss of body
part(s).

Immersion foot (trench foot) — The skin is injured
from long exposure to cold combined with dampness
or contact with water. There is no freezing. Injuries
vary from swelling, tingling, itching, and pain to loss
of skin and skin ulcers.

Hypothermia — The body is unable to maintain its
core body temperature of 98.6°F. Hypothermia can
lead to hallucinations, sleepiness, irregular heart
beat, unconsciousness, and death.

Some workers may be at risk of developing cold stress
because they are:

Wet from sweating or contact with water.
Doing heavy labor and become fatigued.

Taking sedatives or drinking alcohol before or during
work.

Inflicted with chronic diseases that affect the heart or
blood vessels of the hands or feet.

Physically unfit or have not worked in a cold
environment recently.

Using pavement breakers or other vibrating
equipment.

Performing tasks in high humidity and/or high winds.
Inadequately dressed.

In contact with metal and/or wet surfaces.
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Preventing Cold Stress

Noise

Workers should take the following actions to prevent cold
stress:

Wear several layers of loose fitting dry clothes that
can be adjusted to match changing temperatures. A
top layer of wind-proof clothing is useful in the wind.

Do not become overheated and sweaty.
Keep extremities warm and check for numbness.

If chills, sleepiness, or pain and cold in the
extremities develop, go to a warm shelter.

If any chronic heart or blood vessel disease exists,
avoid working in cold weather.

Do not use sedatives or drink alcohol excessively. See
a doctor if there are any questions.

Cover the head. The body can lose up to 40% of its
heat when the head is uncovered.

Noise is any undesired sound that interferes with the
perception of wanted sound. It is likely to be harmful,
annoying, and/or interfere with speech. Noise is a
hazard when it results in the following conditions:

Temporary or permanent hearing loss
Physical or mental disturbance

Interference with voice communications
Disruption of a job, rest, relaxation, or sleep

The most common effect of hazardous noise is hearing
loss. Other health effects associated with noise and its
resulting stress include:

Heart disease

Stomach and bowel disorders
Stress and nervous tension
Vision and balance disturbances
Stroke

Headaches
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Biological Effects of
Noise Exposure

The loudness or softness of sound is determined by
intensity or sound pressure. The more power driving the
sound, the higher the pressure. This is measured with
an instrument called a sound level meter (SLM) in units
called decibels (dB). Sounds that can just be heard by a
person with very good hearing in an extremely quiet
location are assigned the value of 0 dB. Ordinary speech
is around 50 to 60 dB. At about 120 to 140 dB, the
threshold of pain is reached. This level of sound is like
hearing a jet engine while standing about 50 feet away.
Figure 3-6 shows decibel levels for common noises.

140 140 dB Threshold of pain
130 125 dB Jet take-off (50 ft
120 et take-off ( )
110
100 100 dB Pneumatic chipper
90
80 83 dB Average street traffic
70 . .

65 dB Business office
60
50
40 40 dB Living room
30
20

15 dB Woods
10
0

Figure 3-6. Decibel levels for common noises.

Although there are many causes of hearing loss, the
major cause of damage is excessive occupational noise.
Twenty million Americans experience hearing loss as a
result of occupational noise exposures. Off-the-job noise
exposures, such as to motorcycles, snowmobiles, and
airplanes, can also cause hearing loss.

The outer and middle ear are rarely damaged by
exposure to intense sound energy, although explosive
sounds or blasts can rupture the eardrum and possibly
dislodge the small bones in the middle ear. Work-related
hearing loss is most often caused by excessive noise that
involves injury to the cilia of the inner ear.
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Early signs of hearing damage include a loss of hearing
in the higher frequency range. This happens because the
first cilia to be destroyed are the ones that transmit high
frequency sound. So although an individual can still
hear sound, speech and other high frequency sounds, like
music, are distorted. A high frequency sound like the
letter “s” cannot be heard but a low frequency sound like
“0” is no problem. Initially, this may be a temporary
threshold shift (temporary hearing loss) with recovery in

about 14 hours.

Exposure to intense noise causes hearing losses that may
be temporary, permanent, or a combination of both. Such
losses may occur after only a few minutes of exposure to
intense noise. The greatest portion of temporary hearing
losses occur within the first two hours of exposure.
Recovery from such losses is usually within one or two
hours after being removed from the noise exposure.
Further exposure may result in a deepening and
widening of the loss. This hearing loss will involve the
speech frequency range resulting in considerable
difficulty in hearing conversational speech. As noise-
induced hearing loss progresses, first, the individual will
be unable to hear plurals. Next, it will be difficult to
distinguish between two words like fifteen and sixteen.
Finally, it will not be possible to understand what people
are saying, even though it is possible to hear that they
are talking.

Noise-induced hearing loss may also cause continual
ringing in the ears. This is called tinnitus and can be
very stressful.

Workers who have been exposed to high noise levels daily
for a period of many years experience permanent hearing
loss. Permanent hearing loss follows a similar pattern
as temporary hearing loss, except it’s permanent and
there is no known treatment or cure.

To measure hearing loss, a baseline of the hearing ability
is established by conducting hearing tests (audiometer
tests). Retests are taken at a later time, usually one
year, and the results are compared to the baseline.
Hearing loss may occur with varying degrees of loss in
each ear.
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Workplace Noise

Protective Equipment

Workplaces are required to have noise exposure limits to
minimize hearing loss from occupational exposure.
Although louder noise may be allowed for brief periods
during the workday, OSHA set the permissible exposure
limit (PEL) for noise at 90 dBA, time weighted average
(TWA) over 8 hours. The action level for noise is 85 dBA
TWA. At this level the employer must:

e Make hearing protection available
e Provide training on hearing conservation
* Provide hearing tests

Over 90 dBA, employers must ensure that hearing
protection is being used along with training and hearing
tests. Studies have shown that in most individuals
injuries are likely to occur at 90 dBA. It is important to
know that every 5 dB doubles the sound intensity, In
other words, 90 dB is twice as loud as 85 dB. Thus, as
the noise levels increase, the time spent in the noisy area
should decrease.

The communication problems caused by hearing loss are
very frustrating and easily misunderstood by co-workers,
family, and friends. A person may appear to hear very
well at times and poorly at other times. It is important
for workers to understand the potential for this kind of
communication problem on construction sites and ensure
that their co-workers hear everything that is said.

When it isn’t possible to eliminate noise above 85 dBA,
workers should wear hearing protection. Hearing
protection is considered to be a last resort if other
controls are not possible. One example of a control is
enclosing or isolating the noise source.

Hearing protection reduces sound intensity to varying
degrees (from 5dB to 12 dB), depending on the type and
manufacturer. Labels on hearing protection carry a noise
reduction rating (NRR) that may be up to 30dB to 40dB.
Ear plugs or ear muffs are examples of hearing
protection. Ear muffs provide about the same level of
protection as ear plugs. They are heavier and hotter to
wear than ear plugs, and must be securely positioned
over the ears without interference from hair or glasses.
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Radiation

Nonionizing Radiation

Tonizing Radiation

Hearing protection must be worn properly to get
maximum protection. Ear plugs must be firmly inserted
into the ear canal. Generally, the ability to hear speech
is not drastically reduced by hearing protection. Workers
should wash their hands before inserting ear plugs to
prevent dirt and grease from getting on the plugs. Dirty
ear plugs can contaminate ears.

Exposure to radiation has risks. There is heated debate
and differing opinion about the risks of radiation
exposure, the acceptable level of risk, and appropriate
exposure limits. The exposure of living tissue to ionizing
radiation has harmful effects, including damage or death
to the cell. The extent of damage is dependent upon the
radiation dosage and the organs exposed. Some organs
are more susceptible to radiation than others, for
example bone marrow and the gastrotintestinal tract.
The effects of low dosage radiation are delayed and may
be detectable only by medical surveillance.

Nonionizing radiation is generated by such things as the
sun, lamps, welding arcs, lasers, plastic sealers, and
radio or radar broadcast equipment. Although
nonionizing radiation is not as hazardous as ionizing
radiation, there are exposures that can cause severe
injuries. Since the eye is a target organ for all types of
nonionizing radiation, eye protection is very important.
Protective glasses should be selected based on the type of
radiation exposure (e.g., sun light, welding flashes).

During site characterization, surveys are conducted for
three types of ionizing radiation:

1. Alpha
2. Beta
3. Gamma

Alpha emitting radioactive material is primarily an
internal hazard. This internal hazard exists if alpha
emitting radioactive material is inhaled, ingested, or
absorbed through broken skin. Protective clothing
should be used to prevent contamination of the skin.
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Health Effects of
Radiation

MEDICAL
MONITORING

Limitations of Medical
Testing

Beta emitting radioactive material is both an internal
and external hazard. Externally it damages the skin and
eyes. Internally it damages any tissue it touches. Skin
burns may result from excessively high doses of beta
radiation.

Gamma radiation has the ability to penetrate completely
through the body, and is both an internal and external
hazard.

Ionizing radiation causes both acute and chronic health
effects. prompt effects are seen immediately and range
from mild effects at low exposure concentrations, up to
and including death at high concentrations. Acute
exposures to radiation are rarely seen on hazardous
waste sites and usually are due to unforeseen accidents
or releases. delayed effects are usually seen from low
exposures over a long period of time.

Medical monitoring helps to determine a worker’s
physical condition and whether any chemical exposures
have occurred. Workers may see a doctor for any one of
several reasons. Similarly a doctor may order medical
tests for several different reasons:

» Sickness, weight loss, or constant fatigue (tiredness).

» Disease prevention, routine physical, or blood
cholesterol level check — If the results are abnormal,
medication or a special diet may be prescribed to
prevent a stroke or a heart attack.

» For early diagnosis — If results from tests done during
the routine examination indicate problems, the doctor
may be able to detect and diagnose a disease early in
its course, allowing for a better chance for a cure.

The medical testing required for being a hazardous waste
worker will likely be job specific. OSHA regulations
allow the examining doctor to determine most of the
content of the examination. (The exam content is
discussed in 29 CFR 1910.120 (f)) The benefits received
from an examination will vary with the content of the
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Common Medical
Tests

Questionnaire

examination. No matter what the examination consists
of, it must be understood that there are certain
important limitations of medical testing.

* Medical testing cannot prevent cancer. Cancer from
exposure to chemicals or asbestos can only be
prevented by reducing or eliminating an exposure.

e For many conditions, there is no medical test for early
diagnosis. For example, routine blood tests for kidney
function do not show abnormal results until half of
the kidney function has been lost. Nine out of 10
people with lung cancer die within five years because
chest x-rays do not show lung cancer early enough to
save the individual.

e No medical test is perfect. Some tests may show
falsely normal or abnormal results.

Workers undergo several different medical tests in
preparation for working on a hazardous waste site as
well as during the cleanup. (See Appendix 3-3 for
frequency of medical testing.) These tests include:

* Questionnaire

e Physical examination

» Laboratory tests

e Pulmonary function tests
» Electrocardiogram

e Chest x-rays

e Hearing tests

Despite common perceptions, a worker’s medical and
work history is probably the most important part of the
examination. Most diagnoses of disease are made by
evaluating the patient’s history. Laboratory tests are
used to confirm the impression from the history. The
doctor will be interested in a history of lung, heart,
kidney, liver, and other chronic diseases. The doctor will
also be concerned about symptoms indicating heart or
lung disease not previously diagnosed.
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Physical Examination

Laboratory Tests

Pulmonary Function
Tests

Electrocardiogram

A physical examination is very beneficial for routine
screening. The exam includes procedures such as:

* Checking blood pressure and pulse

e Inspecting the skin for lesions

» Evaluating neurological signs, such as hand strength
and reflexes

» Listening to the heart and lungs with a stethoscope

e A general physical assessment by the doctor

Normal findings during the physical exam are important.
However, occasionally an individual has a serious
medical problem, even though the physical examination
results seem perfectly normal.

Blood is taken to check for blood cell production
(anemia), liver function, kidney function, and if taken
while fasting, for increased sugar, cholesterol, and fat in
the blood. Because chemical exposures at sites are
usually below the levels causing changes in these results,
the tests results are usually normal.

Urine tests are taken to check for kidney function and
diabetes (sugar in the urine). Usually these results are
normal. It’s also possible to determine the presence of
chemicals in the body from blood and urine tests. If the
laboratory procedure used to measure the chemicals is
sensitive enough, these tests may be the most helpful.
The tests are called biological monitoring. They help to
determine whether workers are being adequately
protected against chemical exposure.

A pulmonary function test (PFT) measures the lungs’
vital capacity. An individual forcibly exhales into a
machine that measures the amount of air inhaled and
how quickly the air is exhaled. A PFT is useful for
diagnosing diseases that cause scarring. These diseases
affect how much the lung can be expanded and the
ability to inhale and exhale. A PFT is also useful for
evaluating whether a worker with breathing symptoms
can wear a respirator without additional health risk.

An electrocardiogram (ECG or EKG) helps diagnose the
presence of irregular heart beats as well as any damage
that may have occurred in the heart muscle in the past.
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Chest X-Ray

Hearing Tests

Important Points to
Remember

Construction and hazardous waste site work can be
extremely strenuous, particularly when wearing PPE in
hot weather. A stress is conducted to determine a
worker’s fitness level and if the questionnaire shows a
high risk of having heart disease. The test involves
having a worker wear an ECG while exercising.

Chest x-rays help to determine the cause of breathing
problems in individuals with symptoms. An x-ray is used
to screen for lung scarring from exposure to asbestos or
silica. It should not be performed routinely, unless the
history indicates a potential lung or heart problem, and
the doctor thinks a chest x-ray would be necessary.

An audiometer is a frequency-controlled, audio-signal
generator that measures hearing ability. It produces
pure tones at various frequencies and intensities for
measuring hearing sensitivity. To measure the hearing
threshold, the worker’s ability to hear the simplest form
of sound (called pure tones) must be determined.

After a hearing test has been done, hearing loss is
plotted on a chart (audiogram) to produce a profile of a
person’s hearing. A trained person reviews the
audiogram to determine the type and degree of hearing
loss, and estimates the communication difficulty this loss
will cause. After a baseline hearing test has been
obtained, follow-up tests can detect hearing loss between
tests. Hearing losses may indicate that hearing
protection has been used improperly or not at all.
Consequently, the person experiences a hearing loss.

The following list highlights some points to remember
regarding medical monitoring:

e Preventing exposure to chemicals is better at
preventing disease than medical testing.

* A normal medical examination is no assurance that
current work exposures won’t make a worker sick in
the future.

e A work and medical history is important in
determining the need of additional medical testing.
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GENERAL
PROTECTIONS

OVERALL HEALTH
CONCERNS

e If a worker is not feeling well or is having continued
symptoms, he/she should seek medical attention,
regardless of previous test results.

To avoid unnecessary exposures caused by careless
personal hygiene, workers should do the following:

e Remove contamination and/or irritants from the skin
as soon as possible.

e Make sure to wash work clothing separately from the
rest of the wash at home.

* Read and understand the material safety data sheets
(MSDSs) that indicate potential exposures.

*  Wash hands thoroughly before eating, drinking, or
smoking. Five seconds of washing with soap and
water removes 90% of contaminants.

On average, construction workers die 8 to 12 years
earlier than workers in other industries. The four
leading causes of on-the-job deaths for LIUNA members
are:

1. Struck by (e.g., a moving vehicle or falling object) —
47% of LIUNA occupational fatalities.

2. Caught in or under (e.g., trench cave-in) or caught
between (e.g., motor vehicle and fixed barricade) —
27% of LIUNA fatalities.

3. Falling from heights (e.g., scaffold) — 21% of LIUNA
fatalities.

4. Electrocutions — 4% of LIUNA fatalities.

Heart disease is the number one killer of male members
over age 40. Cancer is the number two killer of males
over the age of 40. Nationally, AIDS is the number one
killer of men ages 25-44 and number three for women
ages 25-44.

The Laborers’ Health and Safety Fund of North America
supplies hand-outs on the above and other health issues.
They are available from the instructor.
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DRUG TESTING

Testing in the
Workplace

Today, the construction industry, as well as most other
industries, require workers with more than just strong
backs. More and more, Laborers and other workers must
use intelligence and skills to work more safely and
efficiently. Also, today’s worker must be physically and
mentally fit for duty. The majority of companies have
drug-free workplace policies and may have to comply
with federal regulations. Therefore, fit for duty on most
job sites means being drug and alcohol free. This
includes sites owned or controlled by the Department of
Energy (DOE). As an organization, LIUNA has a firm
commitment to work site safety and improving the
health of its members and their families. One aspect of
this commitment is educating members, union
representatives, signatory contractors, and others on the
health dangers and consequences of substance abuse.

Today, over 50% of workers nationwide are subject to
drug and/or alcohol testing at the work site. In 1994, an
estimated 87% of the major US companies were
conducting some form of pre-employment and/or
employee testing. This number continues to climb each
year. For LIUNA members, testing is often required by
signatory contractors, government agencies, or owners as
a condition of working on certain job sites. Data from
almost ten years of workplace drug screening programs
show a significant reduction in positive test results. In
1987, SmithKline Beecham Laboratories, a national drug
testing laboratory, reported an overall 18.1% positive rate
for workplace drug tests. In an analysis of 3.6 million
samples for the year 1994, SmithKline reported an
overall positive rate of 7.5%.

Many LIUNA members may work on job sites that are
covered by federal regulations requiring drug and/or
alcohol testing. Examples include:

e Department of Transportation (DOT) — Includes
workers engaged in “safety-sensitive” job duties.
Examples are pipeline maintenance workers, highway
resurfacing and maintenance workers, operators of
vehicles over 26,000 Ibs who possess commercial
driver’s licenses, and related support functions.
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Types of Drug and

e Workers on hazardous waste, environmental cleanup
or nuclear sites as regulated by the DOE or the
Nuclear Regulatory Commission (NRC).

» Workers on “safety sensitive” jobs performed by
contractors for the Department of Defense (DOD).

Recently, there has been an effort to include alcohol in
the drug testing procedures for some workers covered by
federal regulations. Given this fact, it’s unlikely that
drug testing will be stopped in the near future. Many
experts feel that efforts to include alcohol and a wider
selection of drugs will continue and eventually be
successful. In fact, many companies not covered by
federal regulations but who drug test as a matter of
company policy, test for drugs not now included in what
is referred to as the NIDA 5. (NIDA 5 refers to the five
drugs tested for under federal regulations: marijuana,
cocaine, opiates, amphetamines, and PCP).

It is critical that workers know the following
information:

o Types of drug and alcohol tests

What drugs will be tested for

* Procedures that should be used in the testing process
o Health effects of various drugs

 What happens if a test is positive

* Where a worker with problems can get help

Note: DOE training sites - see Appendix 3-4.

The grounds for work site drug or alcohol testing may

Alcohol Testing depend on various factors:
*  Whether the job or workplace is subject to federal
regulations.
 What the union and employer negotiate as reflected
in contract language.
 What the employer/owner’s policy requires.
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Prejob or Preplacement
Testing

For Cause or Reasonable
Suspicion Testing

Post-Accident Testing

Drug or alcohol testing may be required in several
circumstances. Workers may be subject to the following
types of drug or alcohol testing:

e Prejob or preplacement

e For Cause or Reasonable Suspicion
* Post-accident

¢« Random

e Return to duty and follow-up

Prejob or preplacement testing is often required before a
worker is hired, allowed access to the property, or
allowed to perform certain duties. Sometimes these tests
will be administered during a probationary period. This
is the most common type of testing done in construction,
manufacturing, and service sector jobs.

For cause or reasonable suspicion testing is conducted if
an employer has reason to believe a worker is:

o Using, possessing, or trafficking in drugs
e Impaired by drugs or alcohol

Cause should be based on specific and verifiable events,
appearance, or behavior, such as observed possession,
trafficking, distribution, or use of a prohibited substance
on company property or job sites.

Reasonable suspicion can include a combination of
physical or performance related actions. Examples
include chronic absenteeism, decreased job performance,
and increased mistakes.

Policies that include for cause or reasonable suspicion
testing typically provide 1-2 hour training sessions for
those supervisory individuals charged with the
responsibility for determining who will be tested.

Depending on the policy or applicable regulation, an
accident may be defined as an incident that results in
damage to property (with a specific dollar threshold) or
as a result of a workplace or job site injury requiring
medical attention. The Department of Transportation
regulations have specific rules for post-accident
procedures, which include abstaining from alcohol use for
up to 8 hours after accidents.
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Random Testing

Return to Duty and
Follow-Up Testing

Drugs Tested

The purpose of random testing is to deter casual use.
While required under some federal regulations, random
testing is not as common as pre-employment testing in
the private sector.

Random testing should not be confused with periodic
testing which is selecting a specific individual to be
tested at a specific time without cause or without a
random selection process.

During random testing, all members in a random testing
pool have an equal chance of being selected for a random
drug or alcohol test at any time. Most random testing
procedures require the selected individual to report to
the designated collection site within two hours of
notification of selection. Even after an individual is
selected and tested, that individual remains part of the
testing pool of workers to be drawn from. Therefore, it is
possible some workers in a random testing pool could be
tested several times in the course of a year while others
would not be selected.

Return to duty and follow-up testing applies to workers
who may have previously tested positive, been referred to
treatment (rehabilitation), and are returning to duty.
This type of testing may be done for workers in jobs
classified as safety-sensitive under federal regulations.

It can also apply to workers returning to work sites after
an extended period of absence.

Federal regulations specify which drugs can be tested for.
DOT specifies alcohol and the NIDA 5. DOE says the
NIDA 5 drugs must be tested for, but a worker may be
tested for any controlled substance. NRC specifies the
NIDA 5, but says additional drugs can be tested for with
permission from the agency. Company policies might
include the basic five drugs plus benzodiazapines
(tranquilizers), barbiturates, propoxyphene (Darvon),
methadone, or any other controlled substance, as well as
alcohol.
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THE TESTING
PROCESS

Collection

The urine drug testing process includes four steps:

1. Collection

2. Initial screening
3. Confirmation
4. Verification

If the job site or the testing procedures are federally
regulated, the sample collection and testing facilities
must follow specific federally designated procedures
entitled “Mandatory Requirements for Workplace Testing
Programs.” Federal procedures are known as the “gold
standard” for workplace testing programs. However,
federal procedures are not mandatory unless required by
federal regulations. If testing procedures aren’t subject
to federal regulations, the procedure used will either be
negotiated by the union or at the discretion of the
employer and/or collection facility.

The sample collection and handling procedures are called
the chain of custody. The process includes these steps:

1. Worker provides a urine sample in a cup. The sample
is normally given in privacy, but the collection site
may use procedures to ensure the sample’s integrity,
such as:

* No water in the sample stall

* Bluing agent in toilet water

* Removal of excess clothing, etc., to minimize
sample substitution or adulteration

e Direct observation of the individual giving the
sample (not common)

If the testing is DOT regulated, the sample must be
split into two parts. One part is used for testing. The
other part is stored in case the results of the first test
must be verified. (If the testing is not DOT regulated,
a worker may request a split sample for future
protection.)

2. A collection agent (employer or lab personnel) takes
the sample immediately. The sample’s temperature
is checked to make sure it’s a recent void and not
diluted or adulterated. This step is required in
federally regulated testing.
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Initial Screen

3. The individual signs/initials a label or seal for use in
sealing the sample’s container.

4. The collection agent seals the sample(s) in the
presence of the worker. The worker signs a chain of
custody form or log stating who received the sample(s)
and acknowledging the sample was sealed in his/her
presence. The chain of custody form stays with the
sample until it gets to the lab. Each person who
handles the sample signs the form to ensure a valid
chain of custody.

Note: The sealing process is extremely important to
ensure the validity of the chain of custody until the
sample arrives at the testing laboratory. (It serves to
minimize disputes over adulteration and mislabeling.)
It is required under federally regulated testing.

5. The sample is forwarded to a laboratory for testing.
Most employers use testing laboratories that are
certified by the federal government. These
laboratories are rigorously inspected and subjected to
continuous quality assurance checks. The use of
federally certified laboratories is recommended to
avoid liability from inaccurate test results. When the
sample arrives, lab personnel conduct initial tests to
make sure the sample is valid and hasn’t been
tampered with (i.e., added fluids, adulterants, etc.).

6. Once the sample is determined to be valid, the testing
process begins.

An initial screen (immunoassay test) is used to detect the
level of metabolites at specific cut-off levels for each
drug. (Figure 3-7 shows federal cut off levels.)
Metabolites are the by-products (what is left over) of
drugs as they pass through the body. If the sample is
below the cut-off level, the lab reports back that the
result was negative and all samples (including the split
sample in storage) are disposed of.

If the result is at or higher than the cut-off levels, a
confirmation test of the same sample is conducted using
a more accurate test known as gas chromatography/mass
spectrometry (GC/MS). GC/MS is considered 100%
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Confirmation

Verification

accurate (except for human error). GC/MS tests also use
cut-off levels to confirm the presence of drug metabolites.
If the level of metabolites in the sample measures below

the cut-off level, the lab reports the test as negative and

all samples are destroyed.

If the metabolite level is above the threshold (or cut-off
level), the result is either reported to the employer as
positive or forwarded to a medical review officer (MRO)
for further investigation. Federally regulated drug
testing requires the use of an MRO before releasing any
positive test results. In nonregulated environments the
use of an MRO as a final step is not required, but it is
highly recommended to reduce employer liability.

The purpose of the MRO is to determine if legitimate
reasons exist for positive test results. For example, the
MRO may investigate the following:

* Legitimate use of a prescription drug under a doctor’s
orders.

» Ingestion of poppy seeds (in the case of a positive
opiate result).

* Member concerns about procedural or chain of
custody errors.

Federal regulations provide that the MRO should
attempt to review the results of a positive drug test with
the individual, if only by telephone, before declaring a
test as positive. Usually the MRO has a designated time
period for contacting the individual (e.g., 48 hours.) If
the MRO cannot contact the individual, a determination
is made based on the information at hand. This may
result in a verified positive result, unless the MRO finds
a problem with the collection or testing procedure, or a
suitable explanation (ie; prescribed medication) has been
provided by the worker on the chain of custody form. For
this reason, it’s important for workers to provide
information about where they can be reached in the 48-
72 hours following a drug test, to enable the MRO to
contact them for any necessary information.
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If federal procedures and an MRO are not used, the
worker tested will likely be notified of the positive test
result and consequences by the employer representative.

POSITIVE DRUG Urine Drug Testing.— A urine drug screen seeks to
TESTS AND WHAT identify the presence of drug metabolites in the urine.
THEY PROVE The presence of metabolites shows that the drug has

been ingested by the person providing the sample.
Positive metabolite results are measured in units called
nanograms (ng). The determination that a urine sample
is positive is further measured by the cut-off level (the
presence of metabolites over a certain limit). Cut-off
levels are set to eliminate “false positives.”

The amount of the drug metabolite identified in the
sample (the number of ngs) depends on a variety of
individual circumstances For example weight,
metabolism rate, or the amount of water or food
consumed can affect the amount of metabolites.

A urine drug test indicates the recent use of a particular
drug. It does not measure impairment or verify that a
worker is under the influence of an illicit drug. It cannot
determine how much was consumed or when it was
consumed, regardless of the amount of nanograms
recorded. Test results should be reported simply as
positive or negative, without the number of nanograms.
(This information can be obtained from the testing
facility with consent of the worker tested.) At DOE sites
results must be reported only as positive or negative.

Alcohol Testing — Breath alcohol tests performed with a
breathalyzer indicate current impairment—known as
breath alcohol concentration (BAC). Tests results are
recorded as a number. A result above a certain level is
considered positive. No separate tests are necessary or
required for alcohol testing. (However, most testing
procedures for drugs include a second test immediately
following as a verification.)

This technology has been used by law enforcement
agencies for many years and is considered highly
accurate. Under some federal regulations, NRC and
DOT, a positive BAC can mean removal from safety-
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Consequences of
Positive Test Results

sensitive duty and a prohibition against resuming such
duties until a referral to a substance abuse professional
for evaluation and possible rehabilitation is completed.
The DOT BAC levels (.02 and .04) for these regulations
are many times lower than the current state law
enforcement levels for driving while intoxicated which
range from .08 to .1 BAC. Breath alcohol tests have been
proposed but are not yet required for DOE facilities.

Positives and False Positives — A positive test result
is defined as the presence of a drug metabolite (urine) or
alcohol (breath) in the test sample. Some positive test
results can have legitimate medical explanations.
Individuals who are subject to drug testing should
discuss the use of medications and any possible safety
concerns with their medical provider. For example,
prescribed sleeping or pain medications often contain
opiates. Even if taken under a physician’s direction, they
will cause a positive test result. Certain over-the-counter
(non-prescription) cold medicines contain alcohol. They
may result in a positive reading if taken prior to a breath
alcohol test. Individuals who are using such medications
may technically be considered “unfit for duty.” In some
policies, using prescription medications prescribed for
others or without a valid prescription is considered “illicit
drug use.” Disciplinary action could result if they are
detected by a positive drug test.

A false positive is a test result that indicates the
presence of a metabolite when there is none present.
False positives are extremely rare with today’s
increasingly accurate testing, retesting, and verification
processes, as long as federal (or equivalent) testing and
chain of custody procedures are followed. However, the
human error factor has not been totally eliminated.

One of the most important parts of a comprehensive drug
testing policy is determining or negotiating the
consequences of positive test results. As with other
aspects of a policy, sometimes these are specified by
federal regulations or owner stipulations. In considering
the consequences for positive test results, the need to
maintain a strict drug abuse policy must be weighed
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3

Retesting After a
Positive Test Result

against losing an otherwise productive worker. Listed
below are some of the common consequences and
concerns in these policy situations:

In pre-job testing situations, the applicant normally
will not be hired or cleared for work. Union and
employer representatives have considerable leeway in
developing a time period after which, or if at all, an
individual may be reconsidered for hire.

For current employees who test positive, disciplinary
action up to and including termination may be the
result. The action will depend on the policy
negotiated.

For jobs covered by DOT regulations, workers testing
positive for drugs or alcohol must be removed from
safety-sensitive duties. Current and proposed DOE
regulations require the same action. Neither DOT,
DOE, or DOD regulations require that a worker be
terminated for a positive test result. However, DOE
regulations require termination upon a second
positive drug test.

On some work sites, workers who receive positive test
results are entitled to opportunities to seek assistance
for substance abuse education and or treatment by
referral to the Membership Assistance Program
(MAP), the company’s Employee Assistance Program
(EAP), or a similar community agency. In some cases,
this evaluation will be followed by a recommendation
for some type of treatment (rehabilitation). If eligible,
the worker may use health insurance benefits to
obtain the necessary treatment. The worker may
return to work after completion of treatment or while
using an outpatient treatment setting, depending on
the wording of the employer policy.

As regulated by certain federal agencies (including
DOE),in some states, and in some drug testing policies,

workers who wish to contest a positive test result have

the right to an independent test. This test is performed

on the original sample (the split portion that has been
set aside for this purpose), at another laboratory, and
typically at the worker’s expense. The request for an
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independent retest must be promptly submitted. It’s
often specified by policy (or law) that the request must be
submitted within a specified time (i.e. within 72 hours) of
the worker’s notification of the positive test result. It is
also the worker’s responsibility to pursue this challenge.
Often the laboratory is not required to reserve a portion
of the original sample for a retest past the time limit
specified.

Sometimes workers who test positive will submit results
from a subsequent urine test of a different sample to
dispute a positive result received in a workplace testing
program. These results are not usually sufficient to
discount the results of the original test. Given that test
results are essentially a chemical “snapshot” of the level
of metabolites in a worker’s urine (or alcohol in breath),
it is possible for subsequent urine or breath tests to give
a different result.

Questioning the A confirmed, verified positive urine drug test result
Accuracy of a Positive  arrived at according to federal standards and procedures
Test Result is extremely difficult to successfully challenge on the

basis of the test itself. Since 1989, the federal
government has continued to develop and exercise strict
accuracy standards and testing and certification
requirements for urine drug testing and sample
collection procedures. These standards and requirements
have held up in numerous legal challenges. In addition,
the current alcohol breathalyzer technology has been
used for many years by law enforcement agencies. It is
normally considered an accurate measure of recent
alcohol use, and in most cases, of impairment. The
existing technology is considered accurate and reliable.
Challenges to positive test results are most often
successful on the basis of the following:

» Legitimate ingestion of the drug
* Problems with the lab equipment
e Handling of the sample

» Potential contamination

* Broken chain of custody
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3

WHERE TO GO FOR
HELP

To adequately investigate a disputed positive drug test
result, the following information is needed:

* Circumstances of the testing — pre-job, random, post-
accident, for cause or reasonable suspicion.

e The prohibited substance that was confirmed positive.

e The methods or procedures used for testing.

e Whether the methods used were in accord with
federal guidelines. If not, what were the specifics?
e The specific collection site and laboratory used.

e Whether an MRO was involved and if the worker was
contacted to provide an explanation.

Whether the worker was provided an opportunity to
have the sample retested?

The above information can be obtained from the worker
tested, employer, and/or the laboratory. Proper
authorizations will be needed.

DOE regulations require that contractors advise workers
of the assistance available to them. At its 1986
Convention, LIUNA delegates voted on and passed
Resolution #IV, entitled Drug and Alcohol Abuse
Rehabilitation. The resolution is considered the premise
for the Laborers’ Member Assistance Programs and
states:

“Alcohol and drug abuse are widely recognized as treatable illnesses
in current medical and psychiatric practice. Highly successful
programs for the rehabilitation of substance abusers have been
developed by public and private groups. . . .The recovery rate for
participants in many of these programs has reached levels as high
as 70 percent . . . . By providing a mechanism for rehabilitation,
unions have given their members an alternative to discharge and
termination...Substance abuse rehabilitation programs are of proven
effectiveness and are the ‘high ground’ on this issue. . .”

Providing assistance to members with substance abuse
problems and the often resulting personal problems is
the preferred alternative to the “test and terminate”
approach practiced in some workplaces. Helping
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members by developing and publicizing sources of
assistance is a win-win proposition for members, union
officials, and employers. Listed below are some sources
of such assistance for LIUNA members and their
families.

e Laborers’ Membership Assistance Program
(MAP) — The Laborers’ Health & Safety Fund of
North America is available to provide information,
consult with and assist health and welfare funds in
establishing these types of programs. Member
Assistance Programs are union-funded, typically
linked to health benefits, and provide the critical link
between members, health care benefits for substance
abuse, and a successful treatment experience.

« Employee Assistance Programs (EAPs) — Many
employers offer this benefit to employees, often in
conjunction with behavioral and mental health
benefits. These programs are confidential and
knowledgeable on issues of substance abuse and
chemical dependency treatment. Contact the
employer’s human resources staff for details.

« Community resources — Each of the 50 states has
designated two local AFL-CIO Community Services
representatives to assist union members and
representatives with substance abuse and a host of
other personal and family issues. These individuals
are knowledgeable and can provide referrals to local
social service and United Way agencies.

 Health benefits — Many health plans, union or
employer provided, include benefits for substance
abuse and chemical dependency. Members should
familiarize themselves with the plan eligibility rules
and treatment coverage in order to make the best
choice for assistance.

* Self-help groups — Free community resources
include Alcoholic Anonymous, Al-Anon, 12 step, and
related support groups. Most are listed in telephone
directories.
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* National hot lines — Numerous national hot lines
with toll-free numbers exist to allow individuals to
obtain information about alcohol and other drugs to
educate themselves and other family members.

Check with your local union or benefits office to find out
options specific to your area.
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SECTION 3 - ASSIGNMENT SHEET

1. Match the following words with the proper definition or example.
_ Cancer a. Occurs in the body at some place other than
__ Systemic effect the point of contact.
_ Dose b. Organs affected by a chemical.
_ Ingestion c. The time between exposure and effect.
_ Inhalation d. Route of exposure (breathing).
_ Interaction e. Arapid growth or tumor.
__ Latency period f. Occurs at the site where a chemical makes

Target organs contact.
Local effect
Olfactory fatigue h. Route of exposure (eating).

An amount (or concentration) over time.

7

i. The combined effect of chemical exposure and a
personal habit, such as cigarette smoking.
j. The sense of smell becomes dulled because of

chemical exposure.

2. Write out the following acronyms.
CTD
dB
PFT
3. List three routes of exposure and give two examples of each.
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4. List six warning signs of chemical exposure.
5. List four forms of heat stress and give the symptoms of each.
6. List the actions a worker should take to prevent heat stress.
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7. List the actions an employer should take to prevent heat stress in an employee.
8. List three purposes of medical testing.
9. Monitor pulse, temperature, and weight.

10.  List the circumstances under which a worker may be subject to drug or alcohol
testing.
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APPENDIX 3-1

AGENTS, SUBSTANCES, MIXTURES, AND EXPOSURE CIRCUMSTANCES
KNOWN TO BE HUMAN CARCINOGENS

From The Ninth Report on Carcinogens, National Toxicology Program (U.S. Department of
Health and Human Services, Public Health Service)

Aflatoxins

Alcoholic beverage consumption

4-Aminobiphenyl (4-Aminodiphenyl)

Analgesic mixtures containing phenacetin

Arsenic and certain arsenic compounds

Asbestos

Azathioprine

Benzene

Benzidine

bis(Chloromethyl) ether and technical-grade chloromethyl methyl ether
1,3-Butadiene

1,4-Butanediol dimethylsulfonate

Cadmium and cadmium compounds

Chlorambucil
1-(2-Chloroethyl)-3-(4-methylcyclohexyl)-1-nitrosourea (MeCCNU)
Chromium hexavalent compounds

Coke oven emissions

Conjugated estrogens

Cyclophosphamide

Cyclosporin A

Diethylstilbestrol

Dyes that metabolize to benzidine — direct black 38 and direct blue 6
Environmental tobacco smoke

Erionite

Ethylene oxide

Melphalan

Methoxsalen with ultraviolet A therapy (PUVA)
Mustard gas

2-Naphthylamine

Radon

Silica, crystalline (Respirable Size) — quartz, cristobalite, tridymite
Smokeless tobacco

Solar radiation and exposure to sunlamps or sunbeds
Soots

Strong inorganic acid mists containing sulfuric acid
Tamoxifen

Tars and mineral oils

Thiotepa

Thorium dioxide

Tobacco smoking

Vinyl chloride
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APPENDIX 3-2
THE RIGHT-TO-KNOW

In order to evaluate a potential chemical hazard, the worker not only needs exposure
information, he/she also needs information about a chemical’s composition, physical
characteristics, and toxicity. Employers are required by law to provide this
information. Two important OSHA standards give the right-to-know:

1. 29 CFR 1910.20 — Access to Exposure and Medical Records Standard
2. 29 CFR 1910.1200 — Hazard Communication Standard

Getting familiar with hazard communication can take some time, but it is important
to have a good understanding of what is contained in the 29 CFR 1910.20 standard.

The Access to Exposure and Medical Records Standard gives workers and their union
representative the right to see and copy important health and safety records kept by
the employer. The standard doesn’t require an employer to conduct medical tests or
environmental monitoring. But if they do (to comply with other OSHA standards or
for insurance purposes for example), they must give employees access to these records.
In addition, they must keep the records for 30 or more years.

Employers must let workers see the records they request within 15 days of receiving a
written request. They must also let workers photocopy them free of charge or lend
them to the worker for a reasonable time.

Medical records are confidential. Workers do have the right to sign a form
authorizing the release of the medical records to a physician of their choice. Medical
records should include all the following:

. Medical histories and questionnaires

. Results of laboratory tests, including biological monitoring tests
. Results of medical exams

. Employee medical complaints

. Medical opinions, diagnoses, and recommendations

. Originals of x-rays and interpretations

. Description of treatment and prescriptions

Environmental exposure records are not confidential. Exposure records should
include industrial hygiene sampling data from all types of sampling techniques and
for all types of hazards.

For further information regarding this standard, please consult the instructor.
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APPENDIX 3-3

OSHA MEDICAL SURVEILLANCE REQUIREMENTS

The following list covers the most commonly asked questions concerning the OSHA
medical surveillance requirements:

1.

Who is covered?

e Individuals who may be exposed to hazardous substances at or above the
PELs for 30 days or more per year.

* Individuals exposed above the PELs in an emergency situation.

How frequent are the exams?
e Prior to assignment, annually thereafter, and at termination of assignment.
e More frequent if a physician feels it is necessary.

» Whenever a worker develops signs or symptoms indicating a possible
exposure to hazardous substances.

What will the exams include?

¢ Medical exam, questionnaire, and work history with special emphasis on
symptoms related to hazardous substances.

* A determination of fitness to work wearing PPE during hot weather.

e Anything else the physician determines appropriate.

Who pays for the examination?

The employer pays for the exam. The exam must be conducted at a reasonable
time and place without loss of pay to employees.

Who gets the results of the exam?

Exam results go to both the employer and the worker. Both the employer and
worker are informed of the doctor’s opinion of the worker’s capability to work
while wearing a respirator and PPE.

The employer is entitled to a written opinion limited to those medical conditions
relating to work and/or occupational diagnosis. No specific findings or
diagnoses unrelated to occupational exposure can be given to the employer by
the physician.
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SUBSTANCE ABUSE
PROGRAMS AT DOE
SITES: 10 CFR PART
707

Provisions of the DOE
Rules

APPENDIX 3-4
DOE DRUG TESTING

10 CFR Part 707 applies to contractors and subcontractors
who have the management and/or operating contracts on sites
owned or controlled by DOE. There is a $25,000 threshold,
meaning that the contract has to be a minimum of $25,000
before the conditions apply. The provisions apply to:

 Employees who handle classified information or nuclear
materials.

»  Workers whose jobs may pose a risk to life, safety,
environment, public health, or the national security.

« Employees involved in the transportation of hazardous
materials to or from DOE sites.

Part 707.5 (d) states:

“Contractors are required to submit all subcontracts they
believe to be within the scope of this part to DOE for
determination as to whether the subcontract falls within the
scope of this part. Subcontractors so determined to fall within
the scope of this part shall be required to agree to comply with
the requirements, as a condition of eligibility for performing
the subcontract.”

Under the DOE rule, there must be a written substance abuse
program that must include the following elements:

e Prohibit the use, possession, distribution, and manufacture
of illegal drugs at DOE sites.

e Require that employees notify their employer of a drug
conviction if the offense occurred on a DOE site.

e Include training provisions and plans for the instruction of
supervisors and employees regarding substance abuse and
assistance.

e Provide for distribution of the policy requirements and
provide notice that adherence to the requirements is a
condition of employment.

e List the required action upon conviction of a criminal drug
statute. They are:
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Who Must Be Tested?

Required Circumstances

for Drug Testing

- Discipline up to and including discharge.

or

- An opportunity to participate in a rehabilitation
program.

The regulations require the following:

Contractors must drug test, at a minimum, those workers
considered by the contractor to have a potential to affect
the environment, public health, and/or safety, such as:

- Armed security, pilots, fire fighters, construction and
maintenance workers of nuclear reactors, and
hazardous waste workers (if they handle sufficient
amounts of hazardous waste to cause harm to the
public or the environment.)

- Workers with unescorted access to control areas of
DOE reactors.

The contractor must notify DOE of positions to be tested
for.

Unlike other federal drug testing regulations, such as
DOT, it is permissible to include other positions under the
same drug testing program as those in safety sensitive
positions.

The regulations require that workers be tested under the
following circumstances:

Preemployment/preassignment testing —
Preemployment and/or preassignment testing occurs either
during the hiring process or when applying for one of the
designated positions that require testing.

Random testing — Random testing requires that 50% of
the number of covered positions be tested on a random
basis each year. For example, if a contractor employs 100
workers in safety sensitive positions, he must conduct 50
tests in the course of a year. There is a 100% target rate
for workers with access to high security (Personnel
Security Assurance Program) and those workers with
access to nuclear explosives (Personnel Assurance
Program).

Random testing should not be confused with “periodic
testing,” which is selecting a specific individual to be
tested at a specific time without cause or without a
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random selection process. During random testing all
members in a “random testing pool” have an equal chance
of being selected for a random drug or alcohol test at any
time. Most random testing policies require the selected
individual to report to the designated collection site within
two hours of notification of selection. Even after an
individual is selected and tested, that individual remains
part of the testing pool of workers to be drawn from.
Therefore, it is possible some workers in a random testing
pool could be tested several times in the course of a year
while others would not be selected.

Postoccurrence testing — Regulations require that
workers be tested after a DOE occurrence. An occurrence
is any event or incident that is a deviation from planned or
expected behavior or events, such as:

- Injury or fatality

- Involvement of nuclear explosives

- Accidental release of pollutants

- Accidental release of radioactive material above
regulatory limit.

Postoccurrence testing also applies if an individual could
have caused or contributed to an occurrence.

Reasonable suspicion testing — Under these
regulations, a worker in a designated position may be drug
tested if his/her behavior creates the basis for reasonable
suspicion of the use of illegal drugs. Two or more
supervisory or management officials must decide whether
it is appropriate to test a worker based on this reasonable
suspicion. At least one of the two supervisors must be in
the worker’s direct chain of supervision or a site
occupational health physician.

According to 10 CFR Part 707, reasonable suspicion
testing must be based on an “articulable belief” drawn
from “particularized fact” and “reasonable inferences” from
those facts that the employee is under the influence of
drugs. This includes:

- Direct observation of use, possession, or physical
symptoms of being under the influence.

- A pattern of abnormal conduct or erratic behavior.

- Arrest or conviction of a drug-related offense.

- Information provided by a reliable and credible source.

- Evidence of drug test tampering.
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Drugs Tested

THE DOE TESTING
PROCESS

Collection

- Having given a specimen in the past where the
temperature of the specimen was outside the
normal range (90.5° F - 99.9° F).

A worker’s prior history of drug use or having been in
rehabilitation is not, by itself, grounds for testing.

* Return to duty/postrehabilitation testing —
Under these regulations, workers who are returning to duty
following a determination of illegal drug use and following
completion of a program of rehabilitation will be subject to
unannounced drug testing, at intervals, for a period of 12
months.

DOE regulations specify the following drugs must be tested for:

e NIDA 5, which includes marijuana, cocaine, opiates,
amphetamines, and PCP.

¢ Any Schedule I controlled substances, which include drugs
that are not used even by prescription, such as heroin.

e Schedule II controlled substances which include those
drugs with a very high potential for abuse, such as
morphine and percodan.

The Department of Health and Human Services (DHHS)
Guidelines and DHHS Laboratories must be used for drug
testing procedures.

The urine drug testing process includes four steps:

Collection
Initial screening
Confirmation
Verification

-

On DOE sites, the sample collection and testing facilities must
follow specific federally designated procedures entitled
“Mandatory Guidelines for Federal Workplace Testing
Programs” (September 1, 1994). The sample collection and
handling procedures are called the chain of custody for the
sample. The collection process includes the following steps:

1. Testing must take place in a secured location with access
limited to the worker being tested and testing-site
personnel.

© Laborers-AGC, June 2000

3-77



Health Effects

Personnel must use a standardized chain of custody form
and limit the number of people who handle the specimen.

The worker provides a urine sample of at least 30 ml
(about one ounce) in a cup. The sample is normally given
in privacy. The collection site may use the following
procedures to ensure the sample’s integrity:

- Photo ID or other personal identification

- Wash hands prior to sample delivery

- No water in the sample stall

- Bluing agent in toilet water

- Removal of excess clothing, etc., to minimize
sample substitution or adulteration

- Direct observation of the individual giving the
sample

In addition to the these measures, collection site personnel
will note any unusual behavior on the part of the worker.

While not required under DOE regulations, a worker may
request a split sample. The sample is divided into two
parts. One part is used for testing. The other part is
stored in case it is needed to verify the test results of the
first sample.

. A collection agent (employer or lab personnel) takes the

sample immediately. The sample’s temperature is checked
to make sure it was recently voided and not diluted or
adulterated.

The worker signs or initials a label for use in sealing the
sample container.

. A collection agent seals the sample in the presence of the

worker. The worker signs a chain of custody form or log
that states who received the sample and acknowledges the
sample was sealed in the worker’s presence. The chain of
custody form goes with the sample until it gets to the lab.
Each person who handles the sample signs the form in
order to make the chain of custody valid.

The sealing process is extremely important to ensure the
chain of custody (which serves to minimize disputes over
adulteration and mislabeling) until the sample arrives at
the testing laboratory.
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3

Initial Screen

Confirmation

7. The sample is sent to a laboratory for testing. DOE uses
laboratories certified by the federal government. These
laboratories are rigorously inspected and subject to
continuous quality assurance checks. Upon arrival, lab
personnel conduct initial tests on the sample to make sure
it’s valid and has not been tampered with (e.g., fluids or
adulterants added).

8. Once the sample is validated, the testing begins.

An initial screen (immunoassay test) is used to detect the level
of metabolites at specific cut-off levels for each drug.
Metabolites are the by-products of drugs as they are broken
down and passed through the body. If the sample is below the
cut-off level, the lab reports back that the result was negative.
All samples, including the split sample in storage if there was
one, are disposed of.

If the result is at or higher than the cut-off level, a
confirmation test of the same sample is conducted using a
more accurate test known as gas chromatography/mass
spectrometry (GC/MS). GC/MS is considered 100% accurate
(except for human error). GC/MS tests also use cut-off levels
to confirm the presence of drug metabolites. If the level of
metabolites in the sample measures below the cut-off level,
the lab reports the test as negative and all samples are
destroyed.

If the metabolite level is above the cut-off level, the result
must be forwarded to a medical review officer (MRO) for
further investigation. All federally regulated drug testing
requires the use of an MRO before releasing a positive test
result. In nonregulated environments the MRO as a final step
is not required, but is highly recommended to reduce employer
liability.

The role of the MRO is to determine if legitimate reasons exist
for a positive test result. For example, the MRO may
investigate any of the following:

* Legitimate use of a prescription drug under a doctor’s
orders.

» Ingestion of poppy seeds in the case of a positive opiate
result.

¢ Member concerns about procedural or chain of custody
errors.
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Verification

Required Action Upon
Confirmed Positive Test

All federal regulations provide that the MRO should attempt
to review the results of a positive drug test with a worker
before declaring a test as positive, if only by telephone.
Usually the MRO has a designated time period (e.g., 48 hours)
to contact a worker to investigate. If the MRO cannot contact
the worker, the determination is based on the information at
hand. This may result in a verified positive result, unless the
MRO determines a problem with the collection or testing
procedure, or if a suitable explanation (such as prescribed
medication) has been provided by the worker on the chain of
custody form. For this reason, it’s important for workers to
provide information about where they can be reached in the
48-72 hours following a drug test, so the MRO can contact
them for any necessary information.

Once a drug test has a confirmed positive result, the following
required actions must be taken:

e Applicants will not be considered for employment.

» Those workers in testing designation positions must be
removed from those positions.

* First offenders may be offered rehabilitation. They will be
placed in another job position. If no other job positions are
available, they will be placed on leave status until their
rehabilitation is completed.

e The worker may return to the testing designated position
after:

- Successful completion of counseling or
rehabilitation program

- Negative urine drug screen

- Evaluation by occupational medical department

e Second offenders must be removed from DOE-related
employment.

* A worker will have the opportunity to report legitimate use
of a prescription medication to the MRO before notification
of the employer.

e The contractor must inform the worker of his/her right to
retest the same sample at another federally certified lab at
the worker’s expense.

3-80

© Laborers-AGC, June 2000



Health Effects

3

RECORD KEEPING

EMPLOYEE
ASSISTANCE
EDUCATION AND
TRAINING

A confirmed positive test is given to the MRO and also to the
contractors/DOE officials with a “need to know.” The MRO is
only allowed to report whether a test is positive and cannot
release quantitative results to the contractor.

A contractor has several responsibilities regarding record
keeping. The contractor must:

e Maintain maximum confidentiality of the records.

e Ensure that the lab maintains retrievable records for a
minimum of 5 years and that positive samples are
maintained and kept frozen for 6 months.

e Maintain chain of custody forms as part of a worker’s
medical records. Forms must include the following
information regarding each testing occurrence:

- Date

- Tested person’s name and social security number

- Specimen number

- Type of test (grounds)

- Temperature range of specimen

- Remarks related to unusual behavior or conditions
- Tested person’s signature to show ownership

- Collector’s signature

In addition to drug testing requirements, contractor programs
are also obligated to provide assistance and training to
workers and supervisors as a more proactive means of
preventing workplace substance abuse.

Employee Assistance Programs (EAPs) — Worker help
programs with emphasis on prevention, education, short-term
counseling, referral, and follow-up to outside agencies. The
contractor has no obligation to pay for treatment, but the
programs must be available to all of the contractor’s on-site
employees.

Substance abuse education and training — Must be
provided to employees on a periodic basis and must cover the
health and safety aspect of substance abuse. The program
must provide for notification to the employees of the employer
policy and rules. There must be a section covering employee
assistance services and supervisory training on recognition
and intervention of deteriorating job performance.
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Section

HAZARDOUS WASTE e

WORKER PERSONAL PROTECTIVE
EQUIPMENT

TRAINEE OBJECTIVES

After completing Section 4, you will be able to:

1.

10.

Define the following terms:

Degradation Protection factor
Maximum use concentration  Qualitative fit test
Permeation Quantitative fit test
Penetration

Write out the following abbreviations or acronyms.

APR PAPR
CPC PPE
MUC SCBA

List the five types of respirators and their protection factors.
List the eight limitations of a half-face APR.

List the limitations of the full-face air line respirator.

List the limitations of SCBAs.

List the PPE used in Level A.

List the PPE used in Level B.

List the PPE used in Level C.

List the PPE used in Level D.
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Standard Operating Procedures

1. Inspect a half-face APR.
Don a half-face APR.
Perform a negative pressure check with a half-face APR.
Perform a positive pressure check with a half-face APR.
Clean, sanitize and maintain a half-face APR.

2. Inspect a full-face APR.
Don a full-face APR.
Perform a negative pressure check with a full-face APR.
Perform a positive pressure check with a full-face APR.

3. Complete an irritant smoke or banana oil qualitative fit test.
4. Clean, sanitize, and maintain a full-face APR.
5. Inspect a full-face atmosphere supplying respirator.

Don a full-face atmosphere supplying respirator.
Clean, maintain, and store a full-face atmosphere supplying respirator.

6. Inspect, maintain, and store the PPE used in Level D.
Inspect, maintain, and store the PPE used in Level C.
Don the PPE used in Level C.
Inspect, maintain, and store the PPE used in Level B.
Don the PPE used in Level B (buddy needed).
Inspect, maintain, and store the PPE used in Level A.
Don the PPE used in Level A (buddy needed).

7. Refill a 2200 psi SCBA cylinder with a cascade charging system.
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INTRODUCTION

RESPIRATORY
PROTECTION

Personal protective equipment (PPE) is any protective
clothing or device worn to prevent contact with, and
exposure to, hazards in the work place. Hazards may be
chemical or nonchemical although hazardous waste
workers are most concerned with chemical PPE.
Examples of PPE include respirators, gloves, protective
suits, boots, hard hats, and safety glasses.

PPE is critical to the safe performance of hazardous
waste work. Therefore, workers need an appreciation of
the types of PPE, their limitations, and what goes into
the selection process. The PPE issue is made more
complicated because no one type protects against all
chemical exposure situations. As a result, there are
many types of protective gear. Choosing the correct type
requires that the industrial hygienist have a detailed
knowledge of the chemical exposure(s) at hand. This
section discusses the following areas of PPE:

e Respirators
* Protective clothing
* Protective ensembles

A respirator is a piece of equipment that reduces
chemical exposures by preventing contaminants from
being inhaled. There are many different types of
respirators, all useful in specific situations. Respirators
are composed of a facepiece that seals out contaminants,
and a device that provides clean air. Two types of
respirators are used for obtaining clean air:

1. Air purifying — Filters are used to purify the air
2. Atmosphere supplying — A supply of clean air is
provided from a tank or hose

Respirators differ in how much protection they afford. A
paper mask is less protective than a firefighter’s
respirator with an air tank. But how much difference is
there? Industrial hygienists have developed a scoring
system to rank different types of respirators. Each
respirator is given a score based on the amount of
protection it can provide. This score is known as a
protection factor (PF).
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Protection Factors

The key to understanding respirator protection is to
realize that all respirators leak to a certain degree. The
amount of leakage depends on how well the facepiece
seals to the face. A leak in the facepiece means that
contaminated air can enter the facepiece. The act of
inhaling creates negative air pressure inside the
facepiece that results in a slight suction effect. The
suction can draw in contaminated air. These leaks
compromise the protection given by the respirator.
Breathing contaminated air can lead to adverse health
effects depending on the type and amount of chemical.

Respirators are tested for leakage by measuring the
contaminant levels both outside and inside the
respirator. Using the ratio of these two measurements, a
PF is assigned. A PF is based on the assumption that
the respirator is working properly, is worn correctly, and
fits the wearer. Respirator PFs range from 5 to 10,000.

The lower the PF, the lower the protection. The
higher the PF, the higher the protection. Figure 4-1
shows the calculation for determining the PF.

The PF is calculated by dividing:

PF = Concentration of airborne contaminant outside respirator
Concentration inside the respirator

= 500 ppm (concentration outside the respirator)
50 ppm (concentration inside the respirator)

=10

Figure 4-1. Calculating the protection factor.

The goal of a respirator is to reduce the amount of
hazardous chemical inside the mask to below the
Occupational Safety and Health Administration (OSHA)
permissible exposure limit (PEL). Respirators must be
chosen to ensure that workers are never overexposed
while wearing the respirator. The practical application of

4-4
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Maximum Use
Concentration

PF for the hazardous waste worker can be summed up
as: How much of the outside contaminant level is
reduced by the respirator? Examples follow:

e Arespirator with a PF of 10 reduces a worker’s
exposure by 10 times, or to 1/10 of the outside level.
Therefore, if the contaminant level outside the
respirator is 500 ppm, the contamination inside the
respirator is 50 ppm. Should the PEL for the
contaminant be below 50 ppm, the worker is
overexposed. A PF of 10 means that the respirator
can only be used in exposures up to 10 times over the
PEL.

e Arespirator with a PF of 10,000 reduces the worker’s
exposure by 10,000 times. Concentration inside the
respirator may be 1/10,000 of the outside level.

Remember: The lower the PF, the lower the protection.
The higher the PF, the higher the protection.

Maximum use concentration (MUC) is that level of
contaminants which, if exceeded, will cause a worker to
be exposed above the PEL because of leakage into the
respirator. The MUC is the highest concentration of
contaminants in which a respirator can be used safely.

At no time should a respirator be used in an environment
that exceeds the MUC.

The MUC is calculated by multiplying PF times PEL.
Figure 4-2 gives an example of calculating the MUC for
nitric acid.

Calculate the MUC of nitric acid:

MUC = PF x PEL
PEL for nitric acid
PF of half-face respirator

2 ppm
10

MUC =2 ppmx 10
= 20 ppm

A half-face respirator cannot be used in atmospheres with a
nitric acid concentration greater than 20 ppm.

Figure 4-2. Calculating the MUC for nitric acid.
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AIR PURIFYING
RESPIRATORS

Negative Pressure
Respirators

Disposable Paper Masks
and Quarter Masks

Air purifying respirators (APRs) clean the air a worker
breathes by removing or filtering a contaminant from the
air before it enters the wearer’s lungs. APRs have two
components—the facepiece and the filter or cartridge.
When a worker inhales, contaminated air is pulled into
the respirator through a filter or cartridge attached to
the facepiece. The filter or cartridge removes the
contaminant from the air before it enters the inside of
the respirator through the inhalation valve. When the
wearer exhales, air from the lungs reverses the airflow
through the facepiece and out a separate valve called the
exhalation valve.

APRs are commonly called negative pressure respirators.
They depend on lung power to pull the air through the
filters. The suction created when a worker inhales draws
air into the respirator. This suction creates a momentary
negative pressure. During inhalation, the negative
pressure brings contaminants into the facepiece through
leaks and improper seals. During exhalation air is blown
out and a positive pressure is created in the facepiece.
It’s important to remember that negative pressure
respirators must only be used if the oxygen level in the
work place is above 19.5% oxygen.

Many workers are familiar with the disposable paper
masks. They are the throwaway type, and do not seal to
the face well enough to provide a good fit. Laboratory
tests done with mannequins show PFs of 5 to 10.
However, studies done under actual work conditions
show even lower PFs. The leakage for this type of mask
is too severe. Furthermore, the paper of a disposable
mask is only effective for large-particle dusts. Gases,
vapors, fumes, and fine dusts, such as asbestos, may pass
right through the paper. These masks are not to be used
for hazardous waste site operations.

The quarter mask is normally a rubber mask, which fits
from the top of the nose to the top of the chin. It uses
cloth or cartridge filters. The PF is rated at 5. This type
of mask it is not to be used for hazardous waste site
work.

4-6
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Half-Face APRs

The half-face APR is made of rubber or plastic. It fits
from the top of the nose to under the chin. Figure 4-3
shows a typical half-face APR.

Figure 4-3. The half-face APR fits from the top of
the nose to under the chin.

A half-face APR uses one or two filter cartridges attached
to the facepiece to filter the air. The fit given by the
respirator rates a fairly low PF of 10 by the National
Institute of Occupational Health (NIOSH). These
respirators can be used in some situations, but the
industrial hygienist must have an extremely high
confidence in his or her knowledge of the type of
chemical exposures that will occur, and how high the
levels can potentially get. This knowledge may be
possible in some factory situations, but it is difficult at a
waste site. Because of this, the half-face filter respirator
is rarely used.

Other limitations of the half-face APR are:

* No eye protection - The respirator does not cover the
eyes. Goggles or face shields must be used.

e Cartridge life problems - The filter has a limited
ability to remove chemical contaminants. When the
saturation point is reached, chemicals begin to pass
through the filter. This condition is called
breakthrough. Some chemicals have poor warning
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properties so a worker will not notice any chemical
smell when breakthrough occurs. This situation can
lead to serious exposure problems. As a result, the
half-face APR cannot be used for chemicals with poor
warning properties. Some filters have end of service
life indicators (ESLI), that change color when a filter
is used up. However, few indicators have been
successfully developed and most are for specific
chemicals only.

Cartridge efficiency problems - There are many types
of organic solvents, but only one type of organic
solvent filter. Studies show that while this filter is
very efficient for some solvents, it allows other
solvents to pass through quickly. For example, the
organic vapor filter lasts 143 minutes in an
atmosphere with a concentration of 1,000 ppm of 1-
nitropropane. But at 1,000 ppm of ethyl chloride, the
filter only lasts 5.6 minutes. Therefore, the half-face
APR and filter are not used for solvents that have
rapid breakthrough. However, not all solvents have
been tested.

Oxygen limitations - The half-face APR can only be
used when sufficient oxygen is present in the work
atmosphere. Normal breathing air contains about
21% oxygen. It can be less in confined areas with
other chemicals present.

Not suitable for areas of unknown chemicals or

levels - The protection offered by this respirator is
limited, therefore, it cannot be used for unknown
situations. The levels might exceed 10 times the PEL
or different chemicals might go right through the
filter to cause health effects. Specific cartridges are
manufactured to protect against specific chemicals
and may not be used in some mixed chemical
atmospheres.

Not suitable for concentrations that are immediately
dangerous to life or health IDLH) - Under no
circumstances should an APR be used in an IDLH
atmosphere. For most chemicals this is not an issue,
because the MUC is lower than the IDLH level. But

4-8
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there are exceptions. For some chemicals, the IDLH
is lower than the MUC and the respirator can not be
used if the level approaches the IDLH level.

e Humidity problems - Some studies have shown that
breakthrough occurs more quickly under conditions of
high humidity.

» Usage - The useful life of a filter is limited once the
filter is opened. Usually filters are discarded after
each use, not to exceed one shift. If breakthrough
occurs and is noticed, then filters are changed at that
time even if it’s less than one shift.

Half-face respirators are the minimum type used for
hazardous waste work, but they are not common. The
reason is half-face respirators have a low PF and many
cartridge-related problems. One way to find out if there
is a cartridge problem for a specific chemical is to refer to
the NIOSH Pocket Guide. The Pocket Guide includes
respirator recommendations. If there is a cartridge
problem, NIOSH will not recommend that APRs be used.

Table 4-1 is a list of some chemicals that cannot be safely
protected against by APRs. Table 4-2 lists general MUCs
for chemical cartridges that have hazardous

breakthrough problems.
Table 4-1. APRs cannot safely protect against these chemicals.
Acrolein Methylene bisphenyl isocyanate
Aniline Nickel carbonyl
Arsine Nitro compounds
Bromide Nitrobenzene
Carbon monoxide Nitrogen oxides
Dimethylaniline Nitroglycerin
Dimethyl sulfate Nitromethane
Hydrogen cyanide Ozone
Hydrogen fluoride Phosgene
Hydrogen selenide Phosphine
Hydrogen sulfide Phosphorous trichloride
Methanol Stibine
Methyl bromide Sulfur chloride
Methyl chloride Toluene diisocyanate
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Full-Face APR

Table 4-2. The following table shows the MUCs for chemical
cartridges that have hazardous breakthrough problems.

Type of Cartridge Maximum Use
Concentrations

Organic vapors 1,000 ppm
Acid gases 1,000 ppm
Sulfur dioxide 50 ppm

Chlorine10 ppm

Hydrochloric acid 50 ppm
Ammonia300 ppm

Methylamine 100 ppm

A full-face APR is made of rubber or plastic. It covers the
whole face, starting at the forehead, down over the
temples and the eyes, and under the chin (Figure 4-4).
The full-face APR has a NIOSH assigned PF of 50
because it is easier to get a good seal across the forehead
than across the nose. Also, the respirator is held more
securely in place because it has a harness instead of
straps. The full-face APR uses the same types of filters
as the half-face APR, so it also carries the same
limitations. It does protect the eyes, although it has a
tendency to fog up.

Figure 4-4. The full-face APR covers the whole
face.
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Powered Air Purifying
Respirators

Some full-face APRs can use larger chin, chest, or back-
mounted canister-type filters. These filters are larger,
and have fewer limitations. There are several filters
available in larger sizes for full-face APRs that are not
available for half-face APRs. Since canisters are larger
than cartridges, they have higher capacities. Even
though full-face APRs protect more than half-face APRs,
they still do not offer enough protection to be used in
IDLH conditions.

The powered air purifying respirator (PAPR) is an APR
that uses a small, lightweight battery-operated blower to
draw air through the filters and into the facepiece. It
uses the same type of facepiece and filters as the full-
face APR (Figure 4-5).

Figure 4-5. The powered air purifying respirator has a
battery-operated blower.

The blower keeps a slight positive pressure inside the
facepiece. This positive pressure reduces the likelihood
of contaminants leaking into the respirator during
inhalation. Any leaks from an imperfect seal tend to be
outward.

Additionally, the blower offers the advantage of increased
comfort for the user. Because the blower draws air into
the facepiece, less work is required for inhalation. In
addition, air is blown across the user’s face and provides
some degree of cooling.
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PAPR Limitations

Hoods and Helmets

FILTERING DEVICES

Particulate Filters

Despite the fact that a PAPR seals the face in the same
manner as the full-face negative pressure APR, the PFs
assigned by government agencies vary. For example,
OSHA assigns a PAPR a PF of 100 in the asbestos
standard, while NIOSH assigns a PF of 50. The PF for a
PAPR can vary even within the same agency. For
example, OSHA assigns a PAPR a PF of 100 in the
asbestos standard, but a PF of 50 in the lead standard.

The PAPR has two limitations:

1. Weak batteries cause the fan motor to slow down,
thus delivering less air to the facepiece. The batteries
are designed to last a full shift, and then require a
full charge. PAPR units come with a small flow meter
that enables you to test the air flow, and thus, the
battery charge.

2. Under heavy work conditions, you can use more air
then the PAPR provides, creating a negative pressure
in the facepiece. This condition is called
overbreathing a PAPR. When overbreathing occurs,
the PAPR functions just like a negative pressure full-
face respirator.

Some PAPRs have loose-fitting hoods and helmets
instead of facepieces. While these hoods are comfortable,
they provide less protection. NIOSH assigns a PF of only
25 for loose-fitting PAPRs.

Air purifying respirators are manufactured with two
basic types of filtering devices:

1. Particulate filters
2. Vapor and gas removing canisters and cartridges

Particulate filter respirators use a filter made of a
fibrous material to capture contaminant particles before
the air reaches the wearer’s lungs. The particles are
pulled through the filter as the worker inhales, and
become trapped by the fibers of the filter. Particulate
filter respirators are used for protection against particles

4-12
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42 CFR 84 for
Particulate Filters

Filter Labels

of dusts, fumes, and/or mists. Typical examples on
construction sites include welding fumes, oil mists, silica,
and asphalt fumes.

Respirator certification regulations 30 CFR 11 were first
promulgated in 1972 and were commonly referred to as
Part 11. Since that date, new research, tests, and
technologies have required that certification regulations
be revised. And in July 1995, the Part 11 standard was
retitled 42 CFR 84 or Part 84.

NIOSH plans to revise the certification requirements for
all respirator classes, although the process is expected to
take many years. The revisions will take place in
modules. The first module completed was the certification
requirements for nonpowered, air-purifying, particulate-
filtering respirators. These respirators now fall under
Part 84. Therefore, all new nonpowered, air-purifying,
particulate-filter respirators must be based on Part 84
performance testing procedures to receive NIOSH
approval. All other respirators (PAPRs, SCBAs, etc.) are
still under the Part 11 standard.

Part 84 filter labels have two changes from Part 11 filter
labels, which will help to tell them apart. These changes
are shown below:

1. Sequence of approval numbers:

Part 84 - TC-84A-XXXX
Part 11 - TC-21C-XXX

2. Approving agencies:

Part 84 - NIOSH and the Department of Health and
Human Services (DHHS)

Part 11 - NIOSH and Mine Safety and Health
Administration (MSHA)

Labels are normally found on the respirator box, cartridge
box, or backpack. Figures 4-6 shows the Part 84 label for
nonpowered, air-purifying particulate filters. Figure 4-7
shows the Part 11 label for all other respirators.

© Laborers-AGC, June 2000
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Department of Health and Human
Services

DHHS

PERMISSIBLE

Respirator for
Dusts, Fumes,
Mists, Asbestos,
and Radionuclides

U.S. Department of Health and Human Services
Centers for Disease Control

NIOSH

National Institute for
Occupational Safety and Health

DEPARTMENT OF HEALTH AND HUMAN SERVICES
NATIONAL INSTITUTE FOR OCCUPATIONAL
SAFETY AND HEALTH

APPROVAL NO. TC-84A-1234

ISSUED TO
WILSON SAFETY PRODUCTS
READING, PENNSYLVANIA, U.S.A.

LIMITATIONS

Approved for respiratory protection against dust, fumes, and mists having a
Time Weighted Average (TWA) less than 0.05 milligrams per cubic meter, asbestos
containing dusts and mists, and radionuclides. Not for use in atmospheres
immediately dangerous to life or health. This respirator shall be selected, fitted, used,
and maintained in accordance with Mine Safety and Health Administration, Occupational
Safety and Health Administration, and other applicable regulations.

CAUTION

In making renewals or repairs, parts identical with those furnished by the manufacturer
under the pertinent approval shall be maintained. Follow the manufacturers
instructions for changing filters.

Figure 4-6. Part 84 label showing NIOSH and DHHS as the approving agencies.

PERMISSIBLE

Respirator for
U.S. Department of Health and Human Services
Dusts , Fumes s Centers for Disease Control

MSHA Mists, Asbestos, NlOSH

Mine Safety and Health Administration - .
National Institute for
and Radionuclides Occupational Satety and Health

United States Department of Labor

DEPARTMENT OF HEALTH AND HUMAN SERVICES
NATIONAL INSTITUTE FOR OCCUPATIONAL
SAFETY AND HEALTH

APPROVAL NO. TC-21C-377

ISSUED TO
WILSON SAFETY PRODUCTS
READING, PENNSYLVANIA, U.S.A.

LIMITATIONS

Approved for respiratory protection against dust, fumes, and mists having a
Time Weighted Average (TWA) less than 0.05 milligrams per cubic meter, asbestos
containing dusts and mists, and radionuclides. Not for use in atmospheres
immediately dangerous to life or health. This respirator shall be selected, fitted, used,
and maintained in accordance with Mine Safety and Health Administration, Occupational
Safety and Health Administration, and other applicable regulations.

CAUTION

In making renewals or repairs, parts identical with those furnished by the manufacturer
under the pertinent approval shall be maintained. Follow the manufacturers
instructions for changing filters.

Figure 4-7. Part 11 label showing NIOSH and MSHA as the approving agencies.
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Particulate Filter
Efficiency

Particulate Filter
Classification

Filter Series

Particulate filters are not designed to be 100% efficient
in removing particulates from the air. It would be too
hard for a worker to pull air through the filters when
inhaling. Filters are manufactured to create maximum
filter efficiency while keeping the resistance to breathing
low. As contaminated air is drawn through the filter, the
particles are captured by the filter, plugging up the holes
between the fibers of the filter. This increase breathing
resistance for the wearer.

Particulate filter efficiencies are classified into two
groups, high efficiency and lower efficiency. High
efficiency filters are capable of capturing 99.97% of the
particles pulled through the filter. Filters of this type
are commonly called high efficiency particulate air
(HEPA) filters. HEPA filters are used for dusts, fumes,
and mists having an exposure limit less than 0.05
milligrams per cubic meter of air (0.05 mg/m3).
Particulates with exposure limits this low are the most
hazardous to workers’ health, which explains why high
efficiency filters are to be used. For example, HEPA
filters must be used for exposures to asbestos or lead.

Lower efficiency filters are less efficient than HEPA
filters and capable of capturing approximately 99% of
dust, fume, and mist particulates. Lower efficiency
filters are used for particulates that have exposure limits
greater than 0.05 mg/m3. These substances are not as
hazardous to the health of exposed workers.

NIOSH regulation Part 84 created nine classes of
particulate filters, made up of:

e Three filter series for resistance to filter efficiency
degradation
e Three filter efficiency levels

The three filter series define different degrees of
resistance to filter efficiency degradation. They are
labeled as N, R, and P.

© Laborers-AGC, June 2000
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N series filters have the following characteristics:

» Used for solid or water-based particulates.

e Not resistant to oil. Cannot be used in atmospheres
containing oil or for oil-based particulates.

e (Can be used for more than one work shift if there are
no problems with hygiene, damage, or breathing.

R series filters have the following characteristics:

e Used for solid or liquid particles.
* Resistant to oil but not oil proof.

e (Can be used for an extended time in an oil-free
atmosphere.

e Has limited use time in an environment containing oil
(one 8-hour shift or a combined total of 8 hours.)

P series filters have the following characteristics:

e Used for solid or liquid particles, both oil-based and
non-oil based.

e Considered oil proof. Can be used as long as a worker
has no breathing problems.

An easy way to remember the filter series is:

e N is Not resistant to oil
R is Resistant to oil
e Pis oil Proof

NIOSH update to selection guide: Originally, it was
assumed P-series filters would not degrade from oil
exposure and would only need to be changed when
breathing resistance, hygiene concerns, or filter damaged
occurred. However, a recent NIOSH study indicates the
P-series particulate filter may lose efficiency with long-
term exposure to oil. Therefore, NIOSH recommends
replacing any P-filter that has been exposed to oil after
the work shift. No changes were made to the selection
logic for the N and R series filters.
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Filter Efficiency Levels

Each of the three filter series has three filter efficiency
levels. The minimum efficiency levels are 95%, 99%, and
99.97%. They have the following designations:

Filters with N95, R95, and P95 designations are
certified as having a minimum efficiency of 95%. The
series of 95% efficiency filters replaces the dust/fume
and dust/fume/mist filters.

Filters with N99, R99, and P99 designations are
certified as having a minimum efficiency of 99%.

Filters with N100, R100, and P100 designations are
certified as having a minimum efficiency of 99.97%.
These filters replace the high efficiency particulate air
(HEPA) filters under the old certification standard.
Unlike the old HEPAs, the N100 and R100 have the
following limitations:

— N100 - no oil exposure
— RI100 - oil exposure for one shift only

The P100 filter is the only filter that will keep the
familiar magenta color.

Table 4-3 lists the nine classes of particulate filters.

Figure 4-8 shows the decision process for choosing the
appropriate filter.

Table 4-3. The nine classes of particulate filters are listed below.

Filter Series Filter Efficiency Levels Filter Classes Service Time

N-Series 99.97% N100 Non-specific
99% N99 Non-specific
95% N95 Non-specific

R-Series 99.97% R100 One Shift
99% R99 One Shift
95% R95 One Shift

P-Series 99.97% P100 Non-specific
99% P99 Non-specific
95% P95 Non-specific

© Laborers-AGC, June 2000
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Choose filter efficiency *
(i.e., 95%, 99%, or 99.97%)

|

Does the aerosol
contain oil?

Yes
or unknown

No

Yes
or unknown

Will the filter T be used Use N-series,t®

No
more than 8 hours? R-series, or
P-series filter

Use R-series, 1§
or P-series t filter

Use P-series filter t

+ The higher the filter efficiency, the lower the filter leakage.
T Limited by considerations of hygiene, damage, and breathing resistance.

» High (200 mg) filter loading in the certification test is intended to address the potential for filter
efficiency degradation by solid or water-based (i.e., non-oil) aerosols in the workplace. Accordingly,
there is no recommended service time in most workplace settings. However, in dirty workplaces (high
aerosol concentrations), service time should only be extended beyond 8 hours of use (continuous or
intermittent) by performing an evaluation in specific workplace settings that demonstrates (a) that
extended use will not degrade the filter efficiency below the certified efficiency level, or (b) that the total
mass loading of the filter is less than 200 mg (100 mg per filter for dual-filter respirators).

§ No specific service time limit when oil aerosols are not present. In the presence of oil aerosols, service
time may be extended beyond 8 hours of use (continuous or intermittent) by demonstrating (a) that
extended use will not degrade the filter efficiency below the certified efficiency level, or (b) that the total
mass loading of the filter is less than 200 mg (100 mg per filter for dual-filter respirators).

Figure 4-8. Flow chart for selecting Part 84 particulate filters.
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Vapor and Gas
Removing Cartridges
and Canisters

Vapor and gas removing cartridges and canisters are
used with APRs to protect workers from exposures to air
that is contaminated with toxic vapors and gases.

While particulate filters are effective for nearly all types
of particles, gas and vapor removing cartridges and
canisters are designed to protect against specific
individual contaminants. Examples include carbon
monoxide, ammonia gas, or combinations of gases and
vapors, such as acid gases or organic vapors.

Contaminants are removed as inhaled air enters the
cartridge or canister and passes through a granular
material called a sorbent. The sorbent absorbs
contaminants from the air, and provides protection to the
wearer from the toxic effects of the gas or vapor.

Materials used as sorbents include activated charcoal,
silica gel, and various mixtures of specific chemicals that
will capture the contaminant. Initially a gas and vapor
sorbent is 100% efficient in capturing a contaminant. As
the sorbent is used up, the efficiency decreases. When
the sorbent is exhausted, the contaminant passes
completely through the sorbent and into the facepiece
where it is inhaled by the wearer. This loss of capturing
efficiency is opposite to particulate filters which become
more efficient as particles collect on the filter.

Sorbents for gases and vapors are packaged into either
cartridges or canisters. The only difference between a
cartridge and a canister is the amount of sorbent they
contain. Cartridges are designed to be used singly or in
pairs on quarter-, half-, and full-facepieces. The amount
of sorbent contained in a cartridge is small, making their
useful lifetime short in duration. This limitation
restricts the use of cartridges to low concentrations of
gases and vapors.

Canisters contain larger amounts of sorbent material
than cartridges. Therefore, they can be used in
situations where the workplace air concentration of gases
or vapors is high. Canisters are designed as chin, front,
or back-mounted devices. When a canister is used with a
facepiece, the respirator is called a gas mask.

© Laborers-AGC, June 2000
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Cartridges or canisters are designed for either one
specific type of gas or vapor, or a combination of gases
and vapors together. In addition, some cartridges and
canisters are manufactured to protect against both gases
and vapors, as well as particulates by combining
particulate filters with sorbent materials. When filters
are combined with gas and vapor sorbents, the filter is
located in the inlet side of the cartridge. It is either built
into the cartridge itself or held to the outside of the
cartridge by a snap-on cover.

Both canisters (gas masks) and chemical cartridges are
available for the following specific gases and vapors:

 Ammonia

* Organic vapors

e Pesticides

e Vinyl chloride

e Hydrogen fluoride

e Hydrogen sulfide

 Formaldehyde

» Acid gases (chlorine, hydrogen chloride, sulfur
dioxide)

Only chemical cartridges are available for these
additional substances:

» Paints, lacquers, and enamels
e Mercury
e Chlorine dioxide

Likewise, only canisters (gas masks) are available for:

e Chlorine

e Sulfur dioxide

e (Carbon monoxide

e Ethylene oxide

¢ Hydrogen cyanide
e Hydrogen chloride

A color coding scheme has been established to identify
the contaminants that a gas and vapor canister or
cartridge protects against. The color coding is assigned
to either individual contaminants or combinations of
contaminants as shown in Table 4-4.
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Table 4-4. Contaminant color coding is shown below.

Atmospheric Contaminant Assigned
Color
Acid Gases White
Organic Vapors Black
Ammonia Gas Green
Carbon Monoxide Gas Blue
Acid Gases and Organic Vapors Yellow
Acid Gases, Ammonia,
and Organic Vapors Brown

Acid Gases, Ammonia,
Carbon Monoxide, and

Organic Vapor Red
Other Vapors and Gases

not listed above Olive
Radioactive Materials

(except Tritium and Noble Gases) Purple

(magenta)
Dusts, Fumes, and Mists

(other than radioactive materials) Orange

When the sorbent becomes exhausted or used up,
breakthrough will occur. Warning signs include odor,
taste, or throat irritation. If the wearer notices any
warning signs, follow these steps:

Leave the work area immediately
Go to a location with fresh air
Notify the safety and health officer
Replace the cartridge or canister

W

Gas and vapor cartridges have short useful service times.
Therefore, it is recommended workers discard their
cartridges or canisters at least daily, even if no odor,
taste, or irritation is detected. Some canisters are
designed for use against substances with poor warning
properties (no odor or taste). These canisters have end of
service life indicators (ESLIs) that show the canister is
exhausted and needs to be replaced. For example,
cartridges used for mercury have ESLIs because mercury
has poor warning properties that are not readily noticed
by a worker being exposed.

© Laborers-AGC, June 2000
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ATMOSPHERE
SUPPLYING
RESPIRATORS

Demand Flow vs.
Pressure Demand
Regulators

There are two types of atmosphere supplying
respirators—air line respirators and self-contained
breathing apparatus (SCBA).

Both types of respirators supply clean breathable air to
the wearer and do not depend on filters. With an air line
respirator, air is delivered by a hose connected to a
compressor. The compressor is equipped with a filtering
system that purifies the air. The air for an SCBA is
contained either in a compressed air tank or cylinder.
The air in the tank or cylinder is under pressure.
Regulators are used to reduce the pressure and control
the flow of air into the facepiece.

There are two types of regulators:

e Demand flow
e Pressure demand

A demand flow regulator uses the suction force of
inhalation to open the regulator valve and let air flow
into the facepiece. In other words, when the worker
“demands” the air, he or she gets it. When the wearer
exhales, the flow of air into the facepiece stops. The
advantage of the demand flow regulator is that the air
supply is not wasted, so the time allowed by the tank is
maximized. The disadvantage is that the regulator
depends on negative air conditions during inhalation.
Because of this, the PF for demand type atmosphere
supplying respirators is only 50. A respirator with a
demand flow regulator is not recommended for
hazardous waste work.

Pressure demand regulators are similar to demand flow
regulators in that airflow into the facepiece occurs
mainly during inhalation. However, there is also a
constant flow of air into the facepiece that keeps it
pressurized. So, negative pressure conditions never
exist, even during inhalation. Instead, positive pressure
conditions exist at all times, and leakage is minimized.
This regulator is used most often in hazardous waste
operations.
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Air Line Respirators

Air line respirators supply air to a facepiece through a
length of hose. The hose is connected to either a
compressed air cylinder or a compressor that is equipped
with equipment to purify the air. The air supply can be
used to pressurize the respirator to achieve a high PF.
With a pressure demand regulator and a full facepiece,
NIOSH assigns an air line respirator a PF of 2,000. The
air line respirator, shown in Figure 4-9, is being used
more and more for personnel and equipment
decontamination. It has the following limitations when
used in hazardous waste work:

e The air line impairs worker movement and cannot
exceed 300 feet in length according to regulations.

Workers must carefully retrace their steps coming off
of the job.

e The air line can be damaged. Rough or sharp
surfaces can puncture the line. Chemicals on the
ground can deteriorate the rubber hose. Falling
drums, vehicles, and heavy equipment can damage
the air line.

e The location of the system air compressor. The
compressor must be located away from potential
chemical or contamination hazards. All filters and
alarms must be working properly, and the system
must be maintained according to the manufacturer’s
recommendations.

Figure 4-9. Air line respirators receive air from
compressed air cylinders or air compressors.

© Laborers-AGC, June 2000
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Self-Contained
Breathing Apparatus

Open Circuit vs. Closed

Due to the limitations of air line respirators, they are
often used with a small bottle of air for escape purposes.
The bottle contains a 5 to 10 minute air supply. When
this escape bottle is provided, NIOSH assigns the unit a
PF of 10,000. Escape bottles are required for air line
respirators being used in IDLH atmospheres.

A self-contained breathing apparatus (SCBA) consists of
a facepiece and regulator mechanism connected to a
cylinder of compressed air that is worn by a worker
(Figure 4-10). SCBAs are commonly used during the
most hazardous aspects of waste site jobs because they
have a NIOSH assigned PF of 10,000. With an SCBA, a
worker does not have air line problems. Worker training
is essential to the safe use of SCBAs.

Figure 4-10. SCBAs consist of a facepiece,
regulator, and an air cylinder worn on the back.

There are different types of SCBAs with their own set of
limitations. They include:

e Closed circuit or rebreathers
e Open circuit SCBAs

-  Entry

- Escape

With an open circuit SCBA, exhaled air goes through

Circuit SCBAs valves directly into the outside air. The system
comprises a tank of breathing quality air containing
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Escape vs. Entry SCBAs

between 19.5% and 23.5% oxygen, a regulator, and the
respirator. Open circuit tanks usually are rated at 30 to
60 minutes.

Closed circuit SCBAs are called rebreathers because the
exhaled air goes back into the system to be recycled. A
closed-circuit system consists of a scrubber device to
remove exhaled carbon dioxide, a tank of pure oxygen,
and a breathing bag to blend the mixture. The closed
circuit unit supplies enough breathing air for up to four
hours.

Rebreathers work in the following manner. The air for
breathing is mixed in a flexible breathing bag. As the
wearer inhales and deflates the bag, oxygen flows into
the bag from the oxygen tank. The oxygen tank can
contain either compressed or liquid oxygen. The exhaled
air goes through a filter known as an alkaline scrubber,
which removes the carbon dioxide from the exhaled
breath. The scrubbed air then mixes with the oxygen in
the bag, so that a breathing quality mixture is available
for the next inhalation.

One problem for rebreathers is that they typically use
demand regulators, which means that they have a lower
PF. This demand type rebreather is not recommended
for hazardous waste work. There are a few companies
that make rebreathers with pressure demand regulators
which can be used on a hazardous waste site. NIOSH
has given them a PF of 10,000.

The typical pressure demand SCBA is an open circuit
unit with a large cylinder. It provides enough air for 30
to 60 minutes and weighs about 25 or 30 pounds. This
SCBA is called an entry SCBA and is good for any type of
work. Escape SCBAs are small cylinders capable of
providing 5 to 15 minutes worth of breathable air. They
do not provide enough air for entry to do work, but are
only used for emergency evacuation. Some air line
respirators have attached escape SCBAs which provide
additional protection (PF is 10,000). Other escape
SCBAs use hoods and workers wearing non-SCBA
respirators use them for emergencies.

© Laborers-AGC, June 2000

4-25



Personal Protective Equipment

RESPIRATOR
PROGRAM
REQUIREMENTS

Pressure-demand, open-circuit, entry SCBAs are the
work-horse respirators used on waste sites when hazards
are severe or unknown. They provide excellent
protection to the worker. The chief drawbacks to these
respirators are their weight and a limited air supply.
These limitations greatly affect the work schedule
because the work day is broken up into many smaller
segments. Also, some workers feel uncomfortable and
confined in the respirator. It’s important that workers be
able to familiarize themselves with SCBA equipment, as
well as practice using it before going in a hazardous area.

The safe use of a respirator is more than just knowing
how to put it on. OSHA Standard 1910.134 governs
general requirements for respirator usage (Appendix C).
The respiratory protection program must cover certain
required work site-specific procedures for respirator use.
Also it must be updated when there are changes in
workplace conditions that affect respirator use. The
respiratory protection program includes the following
requirements:

1. Procedures for selecting respirators for use in the
workplace.

2. Medical evaluations of employees who are required to
use respirators.

3. Fit testing procedures for tight-fitting respirators.

4. Procedures for proper use of respirators in routine
situations and reasonably foreseeable emergencies.

5. Procedures and schedules for cleaning, storing,
inspecting, repairing, discarding, and otherwise
maintaining respirators.

6. Procedures to ensure adequate air quality, quantity,
and flow of breathing air for atmosphere supplying
respirators.

7. Employee training in the respiratory hazards to
which they are potentially exposed during routine and
emergency situations.
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8. Employee training in the proper use of respirators,
including:

* Donning and doffing
e Limitations
e Maintenance

9. Procedures for regularly evaluating the effectiveness
of the program.

Respirator Program The employer must designate a respirator program

Administration administrator (RPA) to oversee the respiratory protection
program and to conduct the required evaluations of
program effectiveness. To fulfill these duties, the RPA
must have the training or experience that matches the
complexity of the program.

As part of the administration of the program, the RPA is
responsible for ensuring the following:

e Appropriate care is taken to properly select, use, and
maintain the respirators.

e The nature of the air contaminant and its exposure
concentration is considered in properly selecting a

respirator.

 Workers are trained in the proper use and care of the
respirators that are provided.

e Workers are medically fit to wear the respirator.

RESPIRATOR Employers are responsible for selecting the appropriate
SELECTION respirators for their employees. To do this the employer
must:

1. Gather information
2. Apply information to respirator selection process
3. Choose the respirator based on the selection process
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Gather Information

General Use
Conditions and
Determination of

It is impossible to choose a respirator without knowing
the hazards on the work site and the workers’ potential
exposure levels. The employer can use two methods for
identifying the hazards and their airborne levels:

1. Personal air monitoring devices.
2. Past exposure levels encountered on similar jobs.

It is very important that some actual or educated
estimate of exposure levels is known before selecting a
respirator. In the absence of such information, OSHA
requires that the job’s exposure level be considered
immediately dangerous to life and health (IDLH).

In addition to airborne hazards and their exposure levels,
the employer must gather other types of information:

e General use conditions and determination of
contaminants

e Properties of the contaminants

* Odor threshold data

e Exposure limits

e IDLH concentrations

e Eye irritation potential

o Service life information

Once the criteria information is gathered and evaluated,
the employer applies it to a respirator selection process.
The selection process uses a sequence of questions to
identify the recommended class of respirators for the
airborne contaminants. One example of this process is
the Respirator Decision Logic from the National Institute
of Occupational Safety and Health (NIOSH) located in
the Appendix A of this manual.

General use conditions include the following:

» Descriptions of the job tasks to be performed

Contaminants e Duration and frequency of the tasks to be performed
e  Work location
e Physical demands of the work to be performed
* Respirator comfort
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Properties of the
Contaminants

Odor Threshold Data

Exposure Limits

Determination of contaminants includes the following:
» Identity of the substances present in the air.

e Actual measured exposure level of the contaminant on
the job.

o If possible, an estimate of the highest level of
exposure that workers are likely to encounter.

Information is needed on the physical, chemical, and
toxic properties of the contaminant. This information
includes:

* Form in which the substance is found on the job site,
such as dust, mist, fume, gas or vapor.

e Chemical properties, such as organic vapor, pesticide,
metal, acid gas.

» Toxicological properties of the substance as they
pertain to adverse health effects (e.g., carcinogen) and
warning properties.

Information on odor threshold is essential to determine
whether a contaminant has warning properties at or
below the exposure limit that would allow an APR to be
selected. If the odor threshold exceeds the exposure
limits, the contaminant is considered to have poor
warning properties. Therefore, an APR would not be
recommended for use unless it had an end-of-service-life
indicator (ESLI). Odor threshold data would be obtained
from industrial hygienists or other experts such as
NIOSH or OSHA.

Several organizations require, recommend, or publish
exposure limits. They are listed below:

e OSHA - Permissible exposure limit (PEL)
« NIOSH - Recommended exposure limit (REL)
e ACGIH - Threshold limit value (TLV)

© Laborers-AGC, June 2000
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IDLH Concentrations

Eye Irritation

Service Life
Information

MEDICAL
EVALUATION

Exposure limit information is necessary to calculate
MUGC:s for the types or classes of respirators using their
assigned PFs. The NIOSH Pocket Guide to Chemical
Hazards is an excellent source of information for many
chemicals and their exposure limits.

Contaminant concentrations that are IDLH are life
threatening and call for the most protective respirators
for the wearer. The NIOSH Pocket Guide to Chemical
Hazards provides IDLH concentrations for many
chemicals found in the workplace. The IDLH
concentration for a substance must be compared to the
actual concentration measurement of the substance on
the job.

Some contaminants have the potential to cause eye
irritation. In these situations, a full facepiece, hood, or
helmet should be selected instead of a half mask to
provide eye protection.

Service life refers to the length of time a filter cartridge
or canister will provide protection to the wearer. This
information is necessary to determine a filter change
schedule for the chosen respirator.

Wearing a respirator may place a physiological burden on
the wearer. Therefore, OSHA requires that an employer
provide a medical evaluation to determine if a worker
can wear a respirator. The evaluation must be done
before a worker is fit tested or required to use a
respirator.
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RESPIRATOR
DECISION LOGIC
SEQUENCE

After criteria information is gathered and evaluated, the
industrial hygienist follows a sequence of questions to
identify the NIOSH recommended class of respirators for
the airborne contaminants. The questions listed below
are summarized from the Respirator Decision Logic
document. They should be followed in sequence, while
using the criteria information that has been gathered to
select the proper respirator.

1. Is the respirator to be used for firefighting?

a. Ifyes, use a full facepiece SCBA operated in a pressure
demand mode.

b. If no, go to step 2.

2. Will the respirator be used in an oxygen deficient atmosphere?

a. Ifyes, any type SCBA or atmosphere supplying respirator
with auxiliary SCBA can be used.

b. Ifno, go to step 3.

3. Will the respirator be used in emergency situations?

a. Ifyes, use a full facepiece SCBA operated in a pressure
demand mode or a full facepiece atmosphere supplying
respirator operated in pressure demand mode in combination
with an auxiliary SCBA operated in pressure demand mode.

b. Ifno, go to step 4.

4. Is the contaminant a carcinogen?

a. Ifyes, use a full facepiece SCBA operated in pressure
demand mode, or a full facepiece atmosphere supplying
respirator operated in pressure demand mode in combination
with an auxiliary SCBA operated in pressure demand mode.

b. Ifno, go to step 5.

5. Is the contaminant exposure level less than the OSHA PEL or
NIOSH REL?

a. Ifyes, a respirator is not required except for escape. Go to
step 7.

b. Ifno, go to step 6.

© Laborers-AGC, June 2000
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10.

Is contaminant exposure level less than IDLH concentration?

a. Ifyes, gotostep 7.

b. If no, conditions are IDLH. Use a full facepiece SCBA
operated in pressure demand mode or a full facepiece
atmosphere supplying respirator operated in pressure
demand mode in combination with an auxiliary SCBA
operated in pressure demand mode.

Is the contaminant an eye irritant?

a. Ifyes, respirators with full facepieces, helmet, or hood are
recommended. Go to step 8.

b. If no, half mask respirators may be used, depending on
exposure concentration. Go to step 8.

Determine the minimum PF that is required.
Divide the measured exposure concentration of the contaminant
by its OSHA or NIOSH exposure limit. For escape respirators,

determine the potential for a hazardous condition to occur
caused by an accident or equipment failure. Go to step 9.

If the contaminant is a particulate, go to step 10.
If the contaminant is a gas or vapor, go to step 11.

If the contaminant is a combination, go to step 12.

Particulate Respirators

10.1  Is the particulate respirator to be used only for escape
purposes?

a. Ifyes, use the table of NIOSH recommendations for
escape respirators.

b. If no, the respirator will be used for normal work
activities. Go to step 10.2.

10.2  Determine the type of filter that should be used for the
particulate contaminant. Go to step 10.3

10.3  Select a particulate respirator with a PF equal to or
greater than the minimum PF calculated in step 8.
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11. Gas/Vapor Respirators

11.1  Is the gas/vapor respirator to be used only for escape
purposes?

a. Ifyes, use the table of NIOSH recommendations for
escape respirators.

b. If no, the respirator will be used for normal work
activities. Go to step 11.2.

11.2  Are the warning properties for the gas/vapor
contaminant adequate at or below the exposure limit
(PEL or REL)?

a. Ifyes, go to step 11.3.

b. If no, an APR equipped with an ESLI, a atmosphere
supplying respirator, or a SCBA is recommended. Go to
step 11.4.

11.3  An APR chemical cartridge/canister respirator is
recommended. Go to step 11.4.

11.4  Select a gas/vapor respirator with a PF equal to or
greater than the minimum PF calculated in step 8.

12.  Combination Particulate and Gas/Vapor Respirators

12.1  Is the combination respirator to be used only for escape
purposes?

a. Ifyes, use the table of NIOSH recommendations
for escape respirators.

b. If no, the respirator will be used for normal work
activities. Go to step 12.2.

12.2  Does the gas/vapor contaminant have adequate warning
properties at or below the exposure limit (PEL or REL)?

a. Ifyes, go to step 12.3

b. Ifno, an APR equipped with an ESLI, an atmosphere
supplying respirator, or a SCBA is recommended.
Go to step 12.4.

12.3 Use an APR with chemical cartridge/canister that has a
particulate pre-filter. Go to step 12.4.

12.4  Select a combination gas/vapor and particulate respirator
with a PF equal to or greater than the minimum PF
calculated in step 8.

Figure 4-11 shows the respirator decision flow chart. The
chart helps the selector organize the information and
keep track of the flow of questions in the sequence.
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Oxygen
deficiency

Yes
— > ASR

Yes

Carcinogen > ASR

Respirator
Yes not required
> except »
for escape
CcC Y
greater Yes
than — > ASR
IDLH
Key
No . | cco Contaminant Concentration
+ FFO Full Face
APRO  Air Purifying Respirator
ASRO  Atmosphere Supplying
O Respirator
Yes FF, Helmet, PELO  Permissible Exposure Limit
> or Hood ESLIO  End of Service Life Indicator
IDLHO Immediately Dangerous to
O Life and Health
No J/ Note:0 SARs are FF and operated in
O positive pressure mode.

Figure 4-11. The respirator decision flow chart helps to organize the information gathered from the
Respirator Decision Logic Process.
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Figure 4-11 (continued). The respirator decision flow chart helps to organize the information gathered
from the Respirator Decision Logic Process.
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FIT TESTING

Fit Testing Protocols

Qualitative Fit Test

A qualitative fit test (QLFT) or quantitative fit test
(@NFT) must be performed on all negative or positive
pressure tight-fitting respirator before a worker is
required to wear it. The worker must be fit tested on the
same make, model, size, and style of respirator that will
be used in the workplace.

A fit test must be conducted at least annually and
whenever changes in the worker’s physical condition
could affect the respirator fit. Such conditions include,
but are not limited to:

* Cosmetic surgery

* Dental changes

e Facial scarring

e Obvious changes in body weight

Fit testing atmosphere supplying respirators and
powered air purifying respirators (PAPR) shall be
accomplished by performing the fit tests in negative
pressure mode.

OSHA has provided specific procedures for performing
QLFTs and QNFTs. By following these procedures for
each fit test, the test results will be consistent from one
test to another. For a QLFT, the worker is tested using a
testing agent to ensure that the respirator is fitting
properly. For a QNFT, a machine is used to make sure
that the respirator fits correctly.

A QLFT is a pass/fail fit test used to check respirator fit
that relies on the user’s response to a test agent. It
involves introducing a harmless odorous or irritating test
agent into the breathing zone of the user. If the user
does not detect the test agent, the respirator fits

properly.

Four test agents are approved by OSHA for conducting a
QLFT:

1. Banana oil (isoamyl acetate or isopentyl acetate)

2. Irritant smoke (stannic oxychloride or titanium
tetrachloride)

3. Saccharin (sodium saccharin) solution

4. Bitrex™ (denatonium benzoate) solution
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Isoamyl Acetate
Protocols

Before a test agent is used, OSHA requires an odor and
taste threshold screening be conducted. The screening
determines if the user can smell or taste the test agent at
low concentrations. If the user can smell or taste the
testing agent, he or she can be fit tested with it.

Qualitative fit testing addresses the following issues:
e Choosing the respirator needed.

e Determining comfort level. Comfort is important
when respirators are used for long periods of time.

» KEstablishing a facepiece-to-face seal with a particular
respirator.

e Identifying facial complications that affect the fit,
such as dentures, facial surgery, or dental/oral
surgery.

A QLFT is simple and inexpensive, which makes it the
most common type of fit testing done for respirators.
However, a QLFT relies upon a user’s subjective response
to the testing agent. In other words, the user must
inform the tester if he/she can smell or taste the
substance. Because of the subjectivity of the QLFT, a
respirator should never be assigned a PF higher than 10
when using this type of test.

Note: Before performing any test, make sure the correct
respirator cartridge for the testing agent has been
installed.

Isoamyl acetate (IAA) is also known as banana oil. This
test requires the respirator be fitted with organic vapor
cartridges or offer protection against organic vapors. The
user stands inside a fit test chamber while taking this
test (Figure 4-12).

In some individuals, exposure to IAA can cause the
following health effects:

» Olfactory fatigue - the sense of smell is dulled
e Feelings of lightheadedness and drunkenness
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Irritant Smoke Test

Saccharin Test

Bitrex Test

6"X5" single ply
paper towel
wet with
75cclAA

- Plastic Bag

Figure 4-12. The fit test chamber is only used with isoamyl
acetate (IAA), also called banana oil.

Irritant smoke is very irritating to the eyes, nose, and
throat and usually causes coughing. The worker being
tested must keep his or her eyes closed during the fit test
when wearing a half facepiece. This test requires the
respirator be fitted with a high efficiency particulate air
(HEPA) filter or P100 particulate filter.

The saccharin test uses a saccharin aerosol. If saccharin
leaks into the facepiece, the worker will have a sweet
taste on the lips and tongue. Workers must take a taste
test before using this testing agent because some people
cannot taste saccharin. A small nebulizer is used to
create a saccharin aerosol inside the test chamber. This
test uses a particulate filter.

The Bitrex'" test is a Bitrex aerosol that has a citrus or
orange flavor. The fit testing protocol for Bitrex is
identical to the saccharin protocol.
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Quantitative Fit Test A quantitative fit test (QNFT) is a more sophisticated fit
test. It measures the actual amount of leakage into the
respirator. A variety of methods are available for
performing a QNF'T, and each one uses a different
technology. The quantitative fit test protocols are:

e Generated aerosol — An aerosol is generated and
dispersed in a room. Air monitoring instruments are
used to measure both the concentration in the room
and the concentration inside the actual facepiece.

e Ambient aerosol condensation nuclei counter — The
amount of natural dusts in the air is measured and
compared to the amount of dust inside the facepiece.

* Controlled negative pressure - Air pressure inside the
facepiece is kept constant. As air leaks into the
facepiece, air is exhausted to maintain the constant
inside air pressure. Therefore, the exhausted air is
equivalent to the amount of leakage and can be
measured to determine leakage.

RESPIRATOR USE The employer is required to establish and implement
procedures for the proper use of respirators. These
procedures are listed below:

* Prohibiting conditions that may result in facepiece
seal leakage.

e Preventing workers from removing respirators in
hazardous environments.

e Taking actions to ensure continued effective
respirator operation throughout the work shift.

» Establishing procedures for the use of respirators in
IDLH atmospheres.
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Facepiece Seal
Conditions

User Seal Checks

Positive Pressure User
Seal Check

OSHA does not permit respirators to be worn when
conditions prevent a good seal. These conditions include
the following:

» Facial hair that crosses the sealing surface (stubble
beard growth, beard, mustache, or sideburns)

» Skull cap that projects under the facepiece

e Temple pieces on glasses

» Absence of one or both dentures

» Facial scars or deformities that hinder a good seal

The need for a good seal is the reason facial hair is
prohibited for workers who must wear respirators.
Facial hair prevents the facepiece from sealing against
the face and results in a high rate of leakage.

Eyeglasses pose another facepiece seal problem. The
temple bars on eyeglasses prevent a respirator from
sealing against the side of the head. However to go
without eyeglasses creates vision-related problems, such
as tripping hazards. Respirator manufacturers make
fittings that hold lenses in place in the facepiece without
temple bars. OSHA requires that this type of fitting be
made available at the employer’s expense to workers who
wear glasses.

A respirator must be adjusted each time you put it on to
ensure the best possible seal. To do this, conduct a user
seal check. You can use either of the two methods listed:

1. Positive pressure seal check and negative pressure
seal check
2. Manufacturer’s recommended user seal check

User seal checks are not substitutes for qualitative or
quantitative fit tests.

To perform a positive pressure user seal check, follow
these steps:

1. Cover the exhalation valve of the respirator.
2. Exhale gently for about 10 seconds. Do not exhale

too hard or push the mask into the face because the
check will be inaccurate.
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Negative Pressure User
Seal Check

If the respirator fits, a slight pressure should build up
inside the facepiece. If air leaks out, the respirator does
not fit properly, and the seal is inadequate. Figure 4-13
illustrates a positive pressure seal check.

This test is done on a atmosphere supplying respirator
by covering the inlet and exhalation valve with your
hands and exhaling.

To perform a negative pressure user seal check, follow
these steps:

1. Cover the filter openings with the palms of your
hands.

2. Inhale gently and hold your breath for about 10
seconds. Do not push the respirator into the face too
hard, or the check will be inaccurate.

If the respirator fits correctly, the facepiece should
collapse slightly inward. If the respirator does not fit
correctly, the facepiece will not collapse, and you will feel
an air leak (Figure 4-14).

This test is done on a atmosphere supplying respirator
by covering the inlet with the hand and inhaling.

Figure 4-13. Cover the exhalation valve Figure 4-14. Cover the filter openings
when performing a positive pressure user when performing a negative pressure user
seal check. seal check.
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Continued Respirator
Effectiveness

IDLH Conditions

OSHA requires the employer to monitor the workplace
for changes that may affect the effectiveness of the
respirators. Examples include changes in work area
conditions or in worker exposure or stress. When such
changes occur, the employer shall reevaluate the
continued effectiveness of the respirator.

If you experience any trouble with your respirator, leave

the area and fix the problem. Specifically, leave the work

area for any of the following conditions:

» To wash your face and respirator to prevent eye or
skin irritation

o Ifyou detect vapor or gas breakthrough

e If you experience increased breathing resistance

e If you detect a leak in the facepiece seal

e To replace the respirator or the filter, cartridge, or
canister

OSHA requires that additional standby worker(s) be
located outside an IDLH atmosphere when a worker(s)
has entered that area. The purpose of the standby
worker is to assist co-workers in case of an emergency.
The standby person must:

* Be trained and equipped to provide effective
emergency response.

e Maintain visual, voice, or signal line of
communication with worker(s) in the IDLH
atmosphere.

MAINTENANCE AND The employer must provide for the following regarding
CARE the respirators used by workers:

e C(Cleaning and disinfecting

» Storage

e Inspection

e Repair
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Cleaning and It is the employer’s responsibility to provide a clean and

Disinfecting disinfected respirator to the user. A respirator issued for
the exclusive use of one worker must be cleaned and
disinfected by that worker to maintain the respirator in a
sanitary condition. However, if a respirator is issued to
more than one worker, for emergency use, or for fit
testing, it must be cleaned and disinfected after each use.

Storage For a respirator to remain in good condition and proper
working order, it must be stored correctly to protect it
from the following:

e Chemicals

e Contamination

e Damage

e Dust

* Excessive moisture

e Extreme temperatures
e Sunlight

In addition, a respirator shall be packed and stored to
prevent the facepiece and exhalation valve from being
deformed.

Inspection All respirators must be inspected before each use and
during cleaning. Atmosphere suppling respirators and
respirators used for emergency purposes must be
inspected monthly or according to manufacturer
specifications. All written inspection records for
emergency use respirators must be kept.

Air cylinders must be maintained in a fully charged
state. They must be recharged when the pressure falls
below 90 percent of manufacturer’s recommended
pressure.

Check the following items when conducting a respirator
inspection:

e Function

e Connections, including tightness

» Condition of parts, especially rubber parts, for
flexibility and deterioration
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Repair The following list outlines OSHA’s requirements regarding
respirator repairs:

Repairs must be performed by a trained individual.

Only the manufacturer’s NIOSH-approved parts
designed for the specific respirator shall be used.

Repairs performed on the regulator, alarms, or
admission valves of an atmosphere supplying respirator
shall be performed by the manufacturer or a technician
trained by the manufacturer.

BREATHING AIR Breathing air used in atmosphere supplying respirators

QUALITY must meet at least the requirements for Grade D
breathing air as described in the ANSI/Compressed Gas
Association Commodity specifications for Air, G-7.1-1989.
Grade D air has the following limits:

Oxygen content - 19.5 to 23.5 percent (similar to
normal breathing air)

Hydrocarbons - No greater than 5 mg/m3 of air

Carbon monoxide - No greater than 10 ppm

Carbon dioxide - No greater than 1,000 ppm

OSHA addresses the following issues in 29 CFR 1910.134 (i):

Air cylinders must be tested and meet minimum
standards to ensure they can be safely pressurized.

Air line couplings must be incompatible with outlets for
other gases. This incompatibility prevents injury
caused by the accidental use of other gases.

Compressors used for air line systems must have
built-in safety devices. These include:

— Air purifying filters

— Alarms for compressor failure

— Alarms for overheating and high carbon monoxide
levels

— Reserve air systems to provide back-up air in the
case of compressor failure

Compressed oxygen shall not be used in open circuit
atmosphere supplying respirators.
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Note: Compressors used for pneumatic tools must not be
used for air line systems. The air contains carbon
monoxide, making it unbreathable and dangerous.

TRAINING The respiratory protection standard requires that the
employer provide effective training to workers who are
required to use respirators. Training must be:

Given to workers before they begin using respirators

Understandable to the worker

Comprehensive enough that it covers all required
items

Provided annually or more often if necessary

Workers who voluntarily wear a respirator shall be given
the information located in 29 CFR 1910.134 appendix D.
This information can be given written or verbally.

An employer must ensure that workers can demonstrate
knowledge in the following topics:

Why the respirator is necessary and how improper fit,
usage, or maintenance can compromise the protective
effect of the respirator.

e Limitations and capabilities of the respirator.

e How to use the respirator in an emergency situation.

 How to inspect, don, doff, use, and seal check the
respirator.

* Procedures for maintaining and storing the respirator.
 How to recognize medical signs and symptoms that

may limit or prevent the effective use of the
respirator.
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PROGRAM

EVALUATION

RECORDKEEPING

Fit Testing Records

Training Records

Retraining shall be done every year, or sooner, for the
following reasons:

* Changes in the workplace or type of respirator render
the old training ineffective.

e A worker does not retain information from the initial
course.

e Any other situation occurs in which retraining
appears necessary to ensure safe respirator use.

The employer is required to evaluate the written
respiratory protection program as necessary to ensure it
is being properly implemented and is effective. The
evaluation shall include consulting workers who use
respirators for their views on program effectiveness as
well as problems.

The employer must establish and retain written
information regarding the following:

e Exposure assessments

e Medical evaluations

e Respirator inspections

e  Written respirator program

Qualitative and quantitative fit testing records also must
be kept. They must be retained until the worker’s next
fit test. These records shall contain the following:

e Name of the worker tested
e Type of fit test performed
» Make, model style, and size of the respirator tested
e Test date
e Test results -
— Pass/fail results of qualitative fit tests
— Fit factor and strip chart recording
— Other recordings of test results for QNFTs

Written documentation of worker respirator training and
respirator program evaluation results shall also be
maintained.
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CHEMICAL Chemical protective clothing (CPC) is commonly used on
PROTECTIVE waste site jobs to protect workers against skin exposures
CLOTHING to chemicals. Although inhalation is the most common

route of entry and has the highest potential for chemical
exposure, being aware of skin exposure is also important.
Some chemicals burn or irritate the skin. Other
chemicals are absorbed without causing any warning
pain or redness. Once these chemicals are absorbed into
the skin, they are capable of causing damage to other
organs, such as the liver or nervous system.

Types of Chemical There are many different types CPC available.
Protective Clothing Examples of CPC include:

*  Whole body protective suits

* Gloves

* Boots

» Face shields and goggles

Table 4-5 summarizes the different materials used to
manufacture CPC.

Whole Body Protection Whole body protection suits can either be fully

Suits encapsulating suits or splash suits. Fully encapsulating
suits protect workers from chemical splashes, gases, and
vapors. The word encapsulate means to totally enclose,
as if in a capsule. These are used with supplied air
respirators so that a sealed environment is created which
keeps out contaminants in any form. A fully
encapsulated suit with SCBA can weigh up to 50 pounds.

A one piece whole body suit, similar to a coverall,
provides better protection than a two piece suit because
two piece suit has an opening between the jacket and
pants. In addition, most one piece body suits have hoods.

Splash suits are nonencapsulating suits. They usually
consist of a jacket and hood in combination with a pair of
pants or bib overalls. This type of suit provides
protection from chemical splashes only. A splash suit is
usually worn with protective boots, gloves, and a
respirator. Duct tape is used to seal the overlap between
sleeves and gloves, and suit legs and boots.

© Laborers-AGC, June 2000 4-47



4

Personal Protective Equipment

Table 4- 5. A summary of the materials used for chemical protective clothing.

Material

Butyl Rubber

Chloropel

Natural Rubber

Nitrile

Nomex®

Polyethylene

Polyvinyl Alcohol

Polyvinyl Chloride

Saranex®

Tyvek®

Viton

Description

Man-made rubber. Resistant to many chemicals. Low resistance to
petroleum-based solvents and halogenated hydrocarbons. Relatively
expensive. Used in boots, gloves, aprons, splash suits, and fully
encapsulating suits.

A plastic material. Also called CPE, chlorinated polyethylene, or
polychloroprene. Resistant to some chemicals. Used in splash suits and
fully encapsulating suits.

Natural rubber from rubber trees. Resistant to acids, caustics, alcohols,
and oils. Inexpensive. Used for boots, gloves, and respirator facepieces
and hoses.

Synthetic rubber. Also referred to as BUNA-N, NBR, milled nitrile, and
nitrile latex. Resistant to acids, caustics, alcohols, gasoline, and some
petroleum and halogenated solvents. Inexpensive. Used in boots and
gloves.

Man-made fiber material. Resistant to acids. Provides protection from
high temperatures. Durable. Used in firefighters turnout gear and as a
base for rubber in some fully encapsulating suits.

A plastic. Used as a covering for some disposable suits, because it
increases the resistance against acids, caustics, and salts. Also used for
disposable suits, gloves and boots.

A plastic material. Also called PVA. Excellent resistance to aromatic and
halogenated solvents. Not resistant to water or water-based chemicals.
Used for gloves.

A plastic material. Also called PVC. Resistant to acids and caustics.
Used in boots, gloves, aprons, splash suits, and fully encapsulating suits.

A plastic (same plastic as in Saran Wrap®). Used with disposable
materials such as Tyvek®. Used as a general purpose material for
disposable suits, boots, and gloves.

A plastic fiber. Reasonable puncture and abrasion resistance. Good
resistance to particulates. Used to make disposable suits to protect
against asbestos. Low protection from chemicals by itself. Chemical
resistance is increased when coated with materials, such as polyethylene
and Saranex. Inexpensive. Used for disposable garments.

A plastic material similar to Teflon®. Provides excellent resistance to
petroleum and halogenated solvents (chemicals that permeate many
other types of materials). Expensive. Used for gloves and fully
encapsulating suits.
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Gloves

Boots

Hands are the most likely body part to come into contact
with chemicals, so gloves are critical for worker
protection. Gloves come in different materials and
thicknesses. The ability of a glove to withstand chemical
permeation is very important. In many situations, it is
common to wear more than one pair of gloves.

Outer gloves are usually used to protect more expensive
chemical resistant gloves from damage due to abrasion,
puncture, and rips. Often these outer gloves are
disposable because once gloves are contaminated on the
outside, it is very difficult to clean them. Depending on
the type of glove material, contamination will eventually
permeate through. Once glove breakthrough has
occurred, the gloves become a source of exposure to the
worker. Because of this possibility, strict rules must be
set as to when gloves are discarded. Inexpensive gloves
are discarded after each use. More expensive gloves are
discarded regularly, but less often and usually on a
schedule established by the safety and health officer
(S&HO) or industrial hygienist.

One problem area with gloves is that chemicals can get
into the glove cuffs if care is not taken. To solve this
problem, gloves with extra long sleeves are sometimes
used. Also, care must be taken to put the jacket sleeves
over the glove cuffs. Then, the sleeves are sealed to the
gloves with tape. An additional pair of vinyl or latex
inner disposable gloves may also be used.

Boots made from chemical resistant materials protect the
feet from chemical contact. They are available in a wide
range of materials. Boot plastic is much thicker than
glove material, so permeation is less of a problem.
However, eventually boots must also be discarded.
Disposable boot covers are commonly used to minimize
the contamination. The boot covers are discarded after
each use.

Boots must also function as safety shoes because the
waste site often has typical construction hazards to the
feet. Chemical resistant boots are available with
reinforced toe, shank, and insole guards to meet safety
shoe standards. On some jobs, special boots with spark-
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Face Shields and
Goggles

Leakage Issues

Permeation

Degradation

Penetration

proof bottoms are needed. These boots protect the
worker from electrical hazards and they prevent
accidental ignition of flammable gases and vapors.

When full-face respirators are used, the face and eyes

are protected. However when wearing half-face
respirators, face shields or goggles are used to protect the
face from chemicals. The face shield and goggles must
not interfere with the respirator’s seal.

Like respirators, CPC has limitations. The biggest
limitation is leakage. For respirators, much of the
leakage has to do with how well the mask fits. For
gloves and protective clothing, the leakage has more to
do with chemicals passing through the protective barrier
of the clothing. In this way, the leakage issue is like the
issue of chemical breakthrough with respirator filters.
There are three important terms to know about when
discussing leakage and the protection offered by CPC:

1. Permeation
2. Degradation
3. Penetration

Permeation is the process by which a chemical passes
into the chemical structure of the material and through
to the other side. Although chemical protective clothing
definitely provides a barrier, some chemicals can
eventually pass through. The length of time it takes a
chemical to permeate depends on the chemical’s
properties. Chemical permeation may not be detected by
looking at a piece of protective clothing.

Degradation is the process by which a chemical changes
the protective material so that it loses its effectiveness as
a barrier. (The chemical breaks down the clothing
material.) Sometimes degradation can be seen. For
example, the material may be puckered, brittle, and
eroded. Chemicals, sunlight, and high temperatures all
can cause degradation.

Penetration is the ability of a chemical to pass through a
garment by way of openings in the material. Examples
include pin holes, imperfections in the material, zippers,
and seams.
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NONCHEMICAL
PROTECTIVE
CLOTHING

Firefighting Gear

Proximity or
Approach Garments

Blast and
Fragmentation Suits

Flotation Gear

Data is available from the manufacturer on permeation
and degradation of CPC. However, a scoring system, like
PF's for respirators, does not yet exist for CPC. Most
protective clothing manufacturers do issue permeation
guides for their products. Because different types of
plastic and rubber provide different levels of resistance
against permeation and degradation, manufacturers
make gloves and suits out of several types of materials.

There can be other types of hazards on a waste site or
spill scene other than chemicals. For nonchemical
hazards there are specialized types of PPE, such as:

e Firefighting gear

e Proximity or approach garments
* Blast and fragmentation suits

» Flotation gear

e Cooling garments

Firefighting gear includes a helmet, a running or bunker
coat, and running or bunker pants. This gear is designed
to protect against high temperatures. It is not as
resistant to chemical splashes or permeation, and it does
not seal out vapors.

Proximity or approach garments are designed to protect
against brief exposures to very high radiant heat. It is
normally worn over other protective clothing.
Firefighters use these garments to approach intense
fires. It provides some protection from chemical
splashes, but no protection from vapors.

A blast and fragmentation suit works like a bullet-proof
vest. It provides the wearer with limited protection from
explosions. Bomb blankets and other equipment must
sometimes be used to provide additional protection. In
addition, these suits provide some protection from
chemical splashes.

The heavy weight of most PPE creates its own hazard
when working on or near water. There is an increased
risk of drowning. Because of this, life-jacket type gear
shall be worn with CPC.
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Cooling Garments

PROTECTIVE
ENSEMBLES

Heat stress is a hazard when wearing PPE in warm
weather and/or doing vigorous work. There are three
different types of cooling devices that have been
developed for use in special situations.

e Cool air systems - use a pump to circulate cool dry air
throughout the protective suits.

e Cool vests - use a jacket or vest with pockets for
holding packets of ice or other frozen material.

e Chilled water units - use a small, battery-operated
pump to circulate chilled water through tubes which
cover the upper part of the body.

There are few situations where a worker will use
protective clothing without a respirator or a respirator
without protective clothing. Usually, a specific respirator
is paired with a type of protective clothing, and the whole
outfit is called an ensemble. Occupational health
specialists working on hazardous waste sites have
developed four ensembles—Level A, B, C, and D.
Detailed profiles of all four levels are in Appendix 4-1.

Level A is the highest level of protection available, and
consists of a fully-encapsulating, vapor and gas-proof suit
with an atmosphere supplying respirator. It is used
when chemical exposures are expected to be high.

Level B provides the same respiratory protection as
Level A, but uses a chemical splash suit that provides
moderate skin protection. It can be used when the vapor
or gas levels are not high enough to be a hazard to the
skin. Level B is the minimum level of protection when
the contaminants are unknown.

Level C uses a chemical splash suit and a full-face APR.
It’s used when airborne chemical levels are reliably
known and adequate chemical filters are available.

Level D is the lowest level of protection. No respirator is
used, and skin protection is minimal.
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Determining the PPE
Level

USING PERSONAL
PROTECTIVE
EQUIPMENT

The hazard assessment carried out during development of
the Site Safety and Health Plan establishes the levels of
PPE to be used during the cleanup. But a site hazard
assessment is an ongoing task. Thus changes are made,
especially as the job progresses. For example, there may
be a hazardous work area on site that requires Level A.
Once that work area is done, workers may move onto the
next section that only requires Level C. The S&HO is
responsible for making PPE decisions. Typical factors
considered for a change to a lower PPE level are:

* New information showing less hazardous conditions

e Change in site conditions that reduces the hazard

e Change in task that reduces contact with hazardous
materials

Factors considered for changing to a higher PPE level are:

* Known or suspected skin hazards

» Likely occurrence of gas or vapors being given off

e Change in task that increases contact with
hazardous materials

*  Worker request

Levels A to D are the basic ensembles used on hazardous

waste jobs.

Training is critical to the safe and proper use of PPE for
the following reasons:

e  Workers become familiar with PPE operation in a safe
environment.

e  Workers learn their own limitations when wearing
PPE.

e A worker becomes more skilled at doing a job while
wearing PPE.

e Needless wear and tear on the PPE is reduced.

e Accidental exposures on the job are reduced.
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Work Mission
Duration

Work Rate

Fitness Level

Body Size

Even though this course provides experience with PPE,
site specific training is important. There may be
important differences between manufacturers.

Many different factors must be considered in planning
how work will be done, and how long each work mission
will take. On a typical construction job, a work shift is
eight hours long, with breaks and lunch along the way.
But the structure of a work day on a waste site is very
different, especially if SCBAs are used. On a waste site,
jobs must be divided into missions to match the length of
time the air supply will last. Workers need to allow at
least enough time to do the following:

1. Put the respirator on

2. Travel to the job area from the dress out area

3. Return to the decontamination area and be
decontaminated

Work time is the amount of time left after factoring in
the above actions. So the actual work task must be well
planned. However, several factors can affect the length
of work time. They include:

o Work rate
e Fitness level
e Body size

e Breathing patterns
e Qutside temperatures
e Coolant supply

The more strenuous the work, the faster and heavier a
worker breathes. The air supply is used up quicker, and
the work time is reduced. Heavy work reduces the in-use
duration of SCBAs by 1/3 to 1/2. In other words, 30
minutes of air is reduced to 20 or 15 minutes of air.

The better the physical shape a worker is in, the more
oxygen the body uses from a given amount of air. Their
systems are more efficient. Therefore, an air supply will
last a bit longer for more physically fit workers.

Larger workers normally use air faster than smaller
workers.
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Breathing Patterns

Outside Temperatures

Coolant Supply

Personal Use Factors

Facial Hair

Long Hair

Eyeglasses

Quick, shallow, irregular breathing uses air more quickly
than deep, regular breaths. Workers who become sick,
anxious, or uncomfortable use air more quickly.

Workers who are heat stressed may breath faster, so they
use air at a faster rate. Also hot and cold temperatures
can affect how well the suit and respirator work which
then affects the work mission. The following are
examples:

e Valves on suits and masks may not operate as well
* Suits may become less durable or flexible

» Fasteners may not work well

e Chemical breakthrough times may be affected

* Airborne chemical levels may be affected

Sometimes cooling units are used under warm or
strenuous conditions. So the coolant supply time can
also limit the duration of the work mission.

Several items can affect the protection provided by PPE.
It’s important that workers are aware of these items.
They include the following:

e Facial hair

e Long hair

» Eyeglasses

e Contact lenses

¢ Gum and tobacco chewing

A beard or long sideburns prevent a good seal between
the face and the respirator. Studies have shown that any
facial hair reduces the protection received from a
respirator. This includes a full beard, as well as a few
days growth. A mustache is acceptable if it fits under the
mask without affecting the seal.

Long hair may interfere with a good seal in some
situations. The hair must be contained under the
protective suit.

The temple bars that extend from the ear to the lens
prevent the respirator from fitting up against the side of
the head. Spectacle kits take care of this situation quite
easily. They are inexpensive, and must be provided by
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Contact Lenses

Gum and Tobacco
Chewing

Donning and Doffing

the employer. Under no condition should workers
hesitate to request a spectacle kit. To work without
eyeglasses creates a serious potential for accident and
injury.

Contact lenses cannot be used with a respirator in a
contaminated atmosphere for the following reasons:

» A contact lens is porous. It can absorb chemicals
causing the chemicals to contact the eye. This can
lead to eye injury.

* Sometimes the humidity inside the mask can be very
low or very high. The degree of humidity affects the
ability to wear contact lens comfortably.

o If the lenses were to pop out of the eye in a hazardous
area, the worker might be put into a dangerous
situation. There would be no way to put the lens back
in without taking off the respirator.

Gum and tobacco chewing are prohibited when wearing a
respirator. The chewing action puts a strain on the
respirator seal. It could also lead to ingestion of
contaminants.

Donning is the act of putting on PPE. It’s not difficult to
put on the equipment. However, a specific routine must
be followed for the best results. Assistance is usually
provided by another worker, especially if a fully
encapsulating suit and SCBA is involved. Donning
procedures for Levels A, B, and C are given in the SOPs
at the end of the section.

Doffing is the act of removing PPE. Again, it is
important to follow the specific steps when removing
PPE. Doffing is made more complicated by the fact that
the PPE may be contaminated. (Procedures for doffing
PPE are discussed in the Decontamination section of this
manual.)

4-56

© Laborers-AGC, June 2000



Personal Protective Equipment

In-Use Monitoring

INSPECTIONS

When wearing PPE, workers should be alert to
conditions that signal chemical exposure has occurred.
These conditions include the following:

Signs that the protective ensemble has been degraded
in any way

Chemical odors

Skin irritation

Unusual fatigue

Breathing difficulties

Vision problems

Restrictions in the ability to move

Physical discomfort, rapid pulse, nausea, or chest
pain

Inspection are an important part of a good PPE program.
Checklists and written records are needed to verify and
maintain the effectiveness and safety of the PPE. There
are different types of inspections.

1.
2.

Inspection and testing of new equipment
Inspection of equipment at the time it is issued to
workers

3. Inspection after use
4.
5. Inspection when problems are reported

Periodic inspection of stored equipment

The responsibility to inspect PPE must be assigned to a
specific qualified person. However, it is a good practice
for workers to know how to do a basic equipment
inspection. Inspection guideline are provided in
Appendix 4-2.
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SECTION 4 - ASSIGNMENT SHEET

1. Define the following terms:

Degradation

Maximum use concentration

Permeation

Penetration

Protection factor

Qualitative fit test

Quantitative fit test
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2. Write out the following abbreviations:
APR
CPC
MUC
PAPR
PPE
SCBA

3. List the five types of respirators and their protection factors.

4, List the eight limitations of a half-face APR.

5. List the limitations of a full-face air line respirator.
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6. List the limitations of SCBAs.

7. List the PPE used in Level A.

Protective clothing:

Respirator:

8. List the PPE used in Level B.

Protective clothing:

Respirator:

9. List the PPE used in Level C.

Protective clothing:

Respirator:
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10. List the PPE used in Level D.

Protective clothing:

Respirator:
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SECTION 4 - STANDARD OPERATING PROCEDURE 1

Half-face APR

A. Inspect the half-face APR. Check all parts for signs of dirt, wear, tears, and
integrity. Ensure all parts can and will work properly by using the following

steps.

1. General appearance (no deformities).

2. Harness and strap assemblies.

3. Facepiece seal area.

4, Nose cup.

5. Inhalation valves.

6. Exhalation valve, valve seats and cover.
7. Filter or cartridge holder and gaskets.
8. Filter(s) or cartridge(s).

9. Install proper filter(s) or cartridge(s).

B. Don a half-face APR using the following steps.

Inspect the respirator.

Loosen the harness assembly completely.

Hang the facepiece around the neck using the neck strap (if available).

Raise the facepiece upward and open exposing the chin and nose cup.

Place chin in the chin cup and pull the harness over the top of the head.
Make sure there is no hair or other obstructions between the face and
facepiece.

6. Tighten the bottom two harness straps (not too tight).

7. Tighten the top strap slightly.

8 Adjust facepiece if needed. (It should be centered on the face.)

AR e

C. Perform a negative pressure check with the half-face APR.

1. Inspect the respirator.

2. Don the respirator.

3. Cover the filter or cartridge inlet openings. The palms of the hands, duct
tape, plastic wrap, or surgeon’s gloves may be used.

4. Inhale so the facepiece collapses inward and hold for ten seconds.

5. If the facepiece stays collapsed, continue with step 7.

6. If there is leakage, readjust the facepiece and try again. If there is still
leakage, re-inspect the respirator and try again. If it’s still not possible
to get a seal, try a different size or make of respirator.

7. Remove the coverings from the filter or cartridge inlets.
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D. Perform a positive pressure check with the half-face APR.

=

Inspect the respirator.

Don the respirator.

3. Cover the exhalation outlet. The palm of the hand, duct tape, plastic
wrap, or surgeon’s gloves may be used.

N

4. Exhale so that the facepiece is enlarged slightly and hold for ten seconds.

5. If the facepiece stays enlarged, continue with step 7.

6. If there is leakage, readjust the facepiece and try again. If there is still
leakage, re-inspect the respirator and try again. If it is still not possible
to get a seal, try a different size or make of respirator.

7. Remove the coverings from the exhalation outlet.

E. Clean, sanitize, and maintain a half-face APR using the following steps.

1. Remove and properly discard filters and/or cartridges.

2. Immerse the respirator in a warm (about 110°F/43.3°C) solution of
germicidal or disinfecting detergent.

3. Scrub the respirator body and parts gently with a cloth or soft brush.

4. Rinse in clean, warm (about 110° F/43.3°C) water.

5. Shake gently to remove excess water. It may be necessary to tip the
respirator several directions.

6. Wipe the respirator with a soft, clean cloth (if available) or allow to air
dry away from direct heat or sunlight.

7. Inspect the respirator.

8. Replace all damaged or missing parts according to the manufacturer’s
instructions.

9. Loosen harness straps.

10.  Place respirator in a clean bag, box, or appropriate storage area. The
storage area should be in a cool, dry place. Do not place any weight on
the respirator.
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SECTION 4 - STANDARD OPERATING PROCEDURE 2

A.

Inspect a full-face APR using the following 10 steps. Check for signs of wear,
dirt, and integrity. Check to ensure that all parts work properly.

R e R al

0.

Overall general appearance (no deformities).
Harness assembly and connections.

Lens and lens gasket.

Facepiece seal area.

Inner nose cup.

Inhalation valves and their seating surfaces.
Exhalation valves and its seating surface.
Filter or cartridge holder and gaskets.
Filter(s) or cartridge(s).

Install proper filter(s) or cartridge(s).

Don a full-face APR using the following steps.

OU Lo =

© X3

Inspect the respirator.

Loosen the harness assembly completely.

Hang the facepiece around the neck using neck strap (if available).
Raise the facepiece upward and open to expose the chin and nose cup.
Place chin in the chin cup and pull the harness over the top of the head.
Make sure no hair or other obstructions are between the face and
facepiece.

Tighten the bottom harness straps (not to tight).

Tighten the middle two harness straps.

Tighten the top strap slightly.

Adjust the facepiece if needed. (It should be centered on the face.)

Perform a negative pressure check with a full-face APR.

o=

o O

Inspect the respirator.

Don the respirator.

Cover the filter or cartridge inlet openings. The palms of the hands, duct
tape, plastic wrap, or surgeon’s gloves may be used.

Inhale so the facepiece collapses inward and hold for ten seconds.

If the facepiece stays collapsed, go to step 7.

If there is leakage, re-adjust the facepiece and try again. If there is still
leakage, re-inspect the respirator and try again. If it is still not possible
to get a seal, try a different size or make of respirator.

Remove the coverings from the filter or cartridge inlets.
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Perform a positive pressure check with a full-face APR.

=

Inspect the respirator.

Don the respirator.

3. Cover the exhalation outlet. The palm of the hand, duct tape, plastic
wrap, or surgeon’s gloves may be used.

o

4, Exhale so that the facepiece is enlarged slightly and hold for ten seconds.

5. If the facepiece stays enlarged, go to step 7.

6. If there is leakage, readjust the facepiece and try again. If there is still
leakage, reinspect the respirator and try again. If it is still not possible
to get a seal, try a different size or make of respirator.

7. Remove the coverings from the exhalation outlet.
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SECTION 4 - STANDARD OPERATING PROCEDURE 3

A.

Complete an irritant smoke or banana oil qualitative fit test using the following

steps:

Irritant Smoke

©ooNo Ok LN

17.

18.

Smell a weak concentration of the test agent.

Inspect the respirator.

Don the respirator.

Perform a negative pressure check.

Perform a positive pressure check.

Wear the respirator for at least 5 minutes.

Step into the test chamber or bag.

Close eyes.

Breathe normally.

Breathe deeply. Breaths must be deep and regular.

Turn head from side to side.

Nod head up and down.

Read the Rainbow passage.

Jog in place.

Breathe normally.

If the test agent is detected, get out of the test chamber and re-adjust the
mask. Repeat steps 4 through 15.

If the test agent is still detected, select another size or type respirator
and repeat steps 2 through 15.

Clean, sanitize, and maintain the respirator.

Banana Oil

1.

Read the following instructions which will be typed on a card and placed
on the table in front of the two test jars (1 and 2).

“The purpose of this test is to determine if you can smell banana oil at a low
concentration. The two jars in front of you contain water. One of these jars also
contains a small amount of banana oil. Be sure the covers are on tight, then shake each
jar for two seconds. Unscrew the lid of each jar, one at a time, and sniff at the mouth of
the jar. Indicate to the test conductor which jar contains banana oil.”

Make sure each of the covers are on tight and shake each jar for two
seconds.

Unscrew the lid of each jar one at a time, and sniff at the mouth of the
jar.
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10.

11.

12.

Indicate to the person conducting the test which jar contains the banana
oil.

If you are unable to correctly identify the jar containing the odor test
solution, the TAA QLFT may not be used.

If you correctly identify the jar containing the odor test solution, you may
proceed to step 7.

Select the most comfortable respirator from the various sizes and
manufacturers by holding each facepiece up to your face and eliminate
those which are obviously not giving a comfortable fit. Normally,
selection will begin with a half-mask and if a fit cannot be found here, go
to the full facepiece respirators. (A small percentage of users will not be
able to wear any half-mask.) Each respirator represents a different size
and shape and if fit properly, will provide adequate protection. The
selection process shall be conducted in a room separate from the fit-test
chamber to prevent odor fatigue. A mirror shall be available to assist you
in evaluation the fit and positioning of the respirator.

Inspect the chosen respirator, making sure that it is equipped with
organic vapor cartridges. Don and wear the most comfortable mask for
at least five minutes to assess comfort. Assess comfort by discussing and
reviewing the following points with your instructor(s).

e Chin properly placed  Room to talk

* Positioning of mask on nose ¢ Tendency to slip

e Strap tension e Cheeks filled out

e Fit across nose bridge e Self-observation in mirror

* Room for safety glasses e Adequate time for assessment

e Distance from nose to chin

If you are not familiar with using a particular respirator, your
instructor(s) will help you inspect and then don the mask several times
and adjust the straps each time, so that you set the proper tension on the
straps.

After selecting, donning, and properly adjusting a respirator, “seat” the
mask by rapidly moving the head side to side and up and down, taking a
few deep breaths.

Conduct the conventional negative and positive pressure fit checks (e.g.,
see ANSI Z88.2-2980).

Wear the respirator for at least 10 minutes before starting the fit test.
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13.

14.

15.

Enter the fit test room, get a 6 x 5 inch (15.2 x 12.7 cm) piece of paper
towel or other porous absorbent single-ply material, folded in half and
wetted with three-quarters on one cc of pure IAA from the instructor.
Hang the wet towel on the hook at the top of the chamber.

Allow two minutes for the IAA test concentration to be reached before
starting the fit-testing exercises. Read the test exercises that are taped
to the inside of the test chamber. Use this time to ask the instructor(s)
any questions you may have or to have the exercises demonstrated.

Perform the following test exercises for at least one minute each.

Test Exercises

16.

17.

a. Normal breathing.
b. Deep breathing. Be certain breaths are deep and regular.

c. Turn head from side to side. Be certain movement is complete. Do
not bump the respirator on your shoulders. Inhale when the head is
at either side.

d. Nod head up and down. Be certain motions are complete and made
about every second. Do not bump the respirator on your chest.
Inhale when your head is in the full up position.

e. Talking. Talk aloud and slowly for several minutes. Read the
following Rainbow Passage. Reading it will result in a wide range of
facial movements, and thus be useful to satisfy this requirement.

“When the sunlight strikes raindrops in the air, they act like a prism and form a
rainbow. The rainbow is a division of white light into many beautiful colors. These
take the shape of a long round arch, with its path high above, and its two ends
apparently beyond the horizon. There is, according to legend, a boiling pot of gold at
one end. People look, but no one ever finds it. When a man looks for something beyond
reach, his friends say he is looking for the pot of gold at the end of the rainbow.”

If at any time during the test, you detect the banana-like odor of TAA,
quickly exit the test chamber and leave the test area to avoid olfactory
fatigue.

If you have detected the odor, return to the selection room and remove
the respirator. Repeat the odor sensitivity test and select another
respirator. If you cannot be fitted with the selection of half-mask
respirators, include full facepiece models in your selection process.
Return to the test by starting at step 8 above.
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18.

19.

20.

21.

If you complete the test without detecting the banana-like odor, break the
face seal and take a breath before exiting the chamber. This
demonstrates the efficiency of the respirator.

Remove the saturated towel from the hook, leave the test chamber, and
return the towel to the instructor(s).

If you successfully passed this fit test, you may be assigned the use of the
tested respirator in atmospheres with up to 10 times the PEL. In other
words, this IAA protocol may be used to assign a protection factor no
higher than 10.

After passing the fit test, assess the comfort of the respirator by using
the steps outlined above. If it has become uncomfortable, another model
of respirator shall be tried and tested.
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SECTION 4 - STANDARD OPERATING PROCEDURE 4

A. Clean, sanitize, and maintain a full-face APR using the following steps.

1. Remove and properly discard filters and/or cartridges.

2. Immerse the respirator in a warm (about 110°F/43.3°C) solution of
germicidal or disinfecting detergent.

3. Scrub respirator body and parts gently with a cloth or soft brush.

4. Rinse in clean, warm (about 110°F/43.3°C) water.

5 Shake gently to remove excess water. It may be necessary to tip the
respirator several directions.

6. Wipe the lens and respirator with a soft, clean cloth (if available) or allow
to air dry away from direct heat or sunlight.

7. Inspect the respirator.

8. Replace all damaged or missing parts according to the manufacturer’s
instructions.

9. Loosen harness straps.

10.  Place respirator in a clean bag, box, or appropriate storage area. The

storage area should be in a cool, dry place. Do not place any weight on
the respirator.
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SECTION 4 - STANDARD OPERATING PROCEDURE 5

A. Inspect a full-face atmosphere supplying respirator using the following steps:

1. Check all hoses and lines for signs of excessive wear or abuse. Do not
use if there is a doubt.

2. Inspect the manifold assembly for integrity.

3. Inspect the breathing valve for integrity.

4 Check the air supply from the manifold to the respirator. It should be
between 60 - 125 psi.

5. Inspect the facepiece.

B. Don a full-face atmosphere supplying respirator using the following steps:

1. Inspect the air line respirator.

2. Adjust the waist straps and buckle (be sure the straps are not twisted).

3. Make sure the positive pressure is off if there is a donning valve.

4, Hang the head strap over the neck.

5. Make the proper connections to the air supply and manifold.

6. Don the facepiece.

7. Do a positive pressure (two-finger) check.

8. Do a negative pressure check (optional).

9. Check the bypass valve to make sure its working properly.

C. Clean, maintain, and store a full-face atmosphere supplying respirator using
the following steps:

1. Turn off the positive pressure.

2. If needed, clean the apparatus with a brush and mild detergent.

3. Rinse well and towel or air dry.

4. Unscrew the breathing hose at the manifold end.

5. Remove the cover on the facepiece by unscrewing the two screws and
pulling off the cover.

6. Remove the breathing valve by twisting the valve clockwise,
disconnecting the bayonet coupling.

7. Cover the inhalation side of the valve with your thumb and immerse the
breathing valve in a warm (about 110°F/43.3°C) solution of germicidal or
disinfecting detergent. Do not allow water into the inhalation side of the
valve!

8. Immerse the breathing valve (again covering the inhalation side) in clean
warm water and rinse.
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9. Gently shake the valve to remove excess water. Wipe with a clean soft
cloth and allow to air dry.

10. Immerse the facepiece in the warm germicidal or disinfecting solution.
11.  Gently scrub with a cloth or soft brush.

12. Rinse in clean warm water.

13. Shake gently to remove excess water.

14. Wipe the lens and facepiece with a soft cloth or allow to air dry away
from direct heat or sunlight.

15. Inspect the air line respirator and facepiece.

16. Connect the breathing valve to the facepiece by pushing and turning
counterclockwise to engage the bayonet coupling.

17.  Lock the breathing valve in position with the cover, speech diaphragm, or
radio attachment by tightening the locking screws.

18. Connect the breathing hose to the manifold.

19.  Store the apparatus in its case or in a clean, dry, dust-free area.
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SECTION 4 - STANDARD OPERATING PROCEDURE 6

A. Inspect, maintain, and store the PPE used in Level D including:
1. Coveralls.
2. Safety boots/shoes.
3. Safety glasses or chemical splash goggles.
4. Hard hat.
B. Inspect, maintain, and store the PPE used in Level C.
1. Inspect, maintain, and store a full-face APR.
2. Inspect the chemical protective suit by looking for cuts, abrasions, tears,

and holes. Pay close attention to seams and zippers. If in doubt about
the integrity of the suit, contact a supervisor.

3. Inspect gloves and boots by repeating the inspection used for suits, then
blow into the boots and gloves and hold them under water. If there are
bubbles or breaks, contact a supervisor.

4, Store all equipment in a clean, dry, dust-free area away from direct heat
or sunlight.

C. Don the PPE used in Level C.

Coveralls can be worn under the Level C Suit.

Monitor your pulse, temperature, and weight.

Put on boots and inner gloves.

Don the chemical protective suit. Make sure to fasten all fasteners.
Don the full-face APR.

Perform a negative pressure check.

Perform a positive pressure check.

Put head coverings on if available.

Put on outer boots and outer gloves. Duct tape may be used to secure the
suit, gloves, and boots. Make sure the suit is over the tops of the boots
and gloves.

XN LN

D. Inspect, maintain, and store the PPE used in Level B using the following steps:

=

Inspect, maintain, and store an atmosphere supplying respirator.

2. Inspect the chemical protective suit by looking for cuts, abrasions, tears,
and holes. Pay close attention to seams and zippers. If in doubt about
the integrity of the suit, contact a supervisor.

3. Inspect gloves and boots by repeating the inspection used for suits, then
blow into the boots and gloves and hold them under water. If there are
bubbles or leaks, contact a supervisor.

4. Store all equipment in a clean, dry, dust-free area away from direct heat

or sunlight.
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E. Don the PPE used in Level B (buddy needed) using the following steps:

o Ok Lo

© 0=

Coveralls can be worn under a Level B Suit.

Monitor your pulse, temperature, and weight.

Put on inner-boots (if needed) and inner-gloves.

Don the chemical protective suit. Make sure to fasten all fasteners.
Don the atmosphere supplying respirator except for the facepiece.

Put on outer boots and outer gloves. Duct tape may be used to secure the
suit, boots, and gloves. Make sure the suit is over the top of the gloves
and boots.

Don the facepiece.

Perform a positive pressure (two-finger) check.

Perform a negative pressure check (optional).

F. Inspect, maintain, and store the PPE used in Level A using the following steps:

=

Inspect, maintain, and store an atmosphere supplying respirator.
Inspect the fully encapsulated suit by looking for cuts, abrasions, tears,
and holes. Pay close attention to seams and zippers. If in doubt about
the integrity of the suit, contact a supervisor or do a pressure check
following the manufacturer’s instructions.

Inspect gloves and boots by repeating the inspection used for suits, then
blow into the boots and gloves and hold them under water. If there are
bubbles or leaks, contact a supervisor.

Store all equipment in a clean, dry, dust-free area away from direct heat
or sunlight.

G. Don the PPE used in Level A (buddy needed) using the following steps.

e

© oo

11.
12.
13.

Coveralls can be worn under Level A suits.

Monitor your pulse, temperature, and weight.

Put on inner-boots (if needed) and inner-gloves.

Don the fully-encapsulated suit to the waist only. Put the leg opposite
the zipper in first.

Don the SCBA until you put on the facepiece.

Put the fully encapsulated suit over the SCBA and shoulders.

Put on outer boots (If needed).

Make necessary connections inside the suit (ventilation system or air
line).

Don the facepiece.

Perform a positive pressure (two-finger) check.

Perform a negative pressure check (optional).

Don the rest of the fully encapsulated suit.

Put on outer gloves.
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SECTION 4 - STANDARD OPERATING PROCEDURE 7

A.

Refill a 2200 psi SCBA cylinder with a cascade charging system using the
following steps:

1.
2.

3.

11.
12.

13.
14.

15.
16.
17.
18.
19.
20.
21.
22.
23.

Check all connections to make sure there are no leaks.

Inspect the cylinder for signs of excessive wear or abuse and check the
hydrostatic test date. Do not refill it if there is a doubt.

Make sure the tanks are numbered properly (1, 2, 3, and 4 with 4 having
the highest pressure).

Attach the cascade system coupling to the cylinder. (The cylinder may be
immersed in water. Follow the manufacturer’s recommendations.

Filling the tanks slowly will prevent overheating).

Open the cylinder valve.

Slowly open tank number 1 until the tank pressure and cylinder pressure
equalizes (No rushing air can be heard).

Close tank 1.

If the cylinder pressure is not full, slowly open tank 2. (If the cylinder
pressure reaches full, close tank 2 and go to step 21.) Listen until no air
flow can be heard.

Close tank 2.

Slowly open tank 3. (Watch the cylinder gauge or pressure gauge.) If the
pressure reaches full, close the tank and go to step 21. Listen until no
air flow can be heard.

Close tank 3.

Slowly open tank 4. (Again, watch the cylinder gauge or pressure gauge.
If the pressure reaches full, close the tank and go to step 21). Listen
until no air flow can be heard.

Close tank 4.

If the cylinder pressure is still not full, you must replace tank 1 with a
new tank. Make sure all fittings are tight.

Number the new tank #4.

Number tank 2 #1.

Number tank 3 #2.

Number tank 4 #3.

Open tank #4 (new tank) until the cylinder pressure reads full.

Close tank #4.

Close the cylinder valve.

Bleed the pressure from the lines with the bleed valve.

If at any time the cylinder valve pressure and the pressure gauge on the
cascade system do not equalize, remove all equipment from service and
have repaired according to the manufacturers’ recommendation.
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APPENDIX 4-1
PROTECTION LEVELS AND EQUIPMENT

Level A protection should be used when:

1.

The hazardous substance has been identified and requires the highest level of
protection for skin, eyes, and the respiratory system based on either:

* Measured high concentrations of vapors, gases, or particulates.

e Site operations and work functions involve a high risk of splash, immersion,
or exposure to unexpected vapors, gases, or particulates.

Substances with a high degree of hazard to the skin are known or suspected to
be present, and skin contact is possible.

Operations must be conducted in confined, poorly ventilated areas, and the
absence of conditions requiring Level A have not yet been determined.

Level A equipment should consist of:

» Positive pressure full face SCBA, combination SCBA, or positive pressure
atmosphere supplying respirator with escape SCBA (NIOSH approved)

e Fully encapsulating, vapor and gas-proof, chemical protective suit

e Inner and outer chemical resistant gloves

e Chemical resistant safety boots or shoes

» Disposable protective suit, gloves, and boots. (May be worn over fully
encapsulating suit depending on suit construction.)

Optional equipment may be:

Cooling units

Coveralls

Long underwear (cotton)
Hard hat

This is the highest level of skin and respiratory protection; however, the materials of
this ensemble must be compatible with the substances involved.
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Level B protection should be used when:

1.

The type and concentration of substances have been identified and require a
high level of respiratory protection but less skin protection. This involves
atmospheres that:

e Have IDLH concentrations of specific substances that do not represent a
severe skin hazard.

* Do not meet the criteria for use of APRs.
Atmospheres containing less than 19.5% oxygen.
Presence of unidentified vapors or gases as indicated by direct reading

instruments when these vapors are not suspected of containing high levels of
chemicals harmful to the skin or able of being absorbed through the skin.

Level B equipment should consist of:

» Positive pressure full face SCBA, combination SCBA, or positive pressure
air line respirator with escape SCBA (NIOSH approved)

* Hooded chemical resistant clothing (overalls and long-sleeved jacket;
coveralls; one- or two-piece chemical splash suit; disposable chemical
resistant overalls)

e Inner and outer chemical resistant gloves

» Chemical resistant safety boots or shoes

 Hard hat

Optional equipment may be:

» Coveralls

» Face shield

* Long cotton underwear
* Disposable boot covers

Level B provides the same level of respiratory protection as Level A but with less skin
protection. Level B is the minimum level recommended for initial site entry and
should be used only when it is highly unlikely that the work being done will generate
either high levels of vapors, gases, particulates, or splashes of chemicals or materials
that will adversely effect the skin.
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Level C protection should be used when:

1. The airborne contaminants, liquid splashes, or other direct contact will
adversely affect or be absorbed through any exposed skin.

2. The types of air contaminants have been identified, measured, and an APR is
available that can remove the contaminants.

3. All criteria for the use of APRs has been met.

Level C equipment should include:

o Full-face or half-mask APR (NIOSH approved)

* Hooded chemical resistant clothing (overalls, one or two piece chemical
splash suit, disposable chemical resistant overalls)

e Inner and outer gloves

e QOuter chemical resistant safety boots or shoes

Optional Level C equipment may be:

 Hard hat

e Coveralls

e Face shield

* Escape mask

e Disposable boot covers

The same level of skin protection is provided by Level C with a lower level of
respiratory protection. Level C protection has the following limitations:

e Atmospheric concentrations must not exceed IDLH levels
e The atmosphere must contain at least 19.5% oxygen
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Level D protection can be used when:

1. The atmosphere contains no known hazards.

2. Work functions do not include splashes, immersion, or the potential for
unexpected inhalation of, or contact, with hazardous levels of any chemicals.

Level D equipment should consist of:

e Coveralls
e QOuter chemical resistant safety boots or shoes
o Safety glasses or goggles

Optional equipment may be:

e Gloves

* Escape mask

e Face shield

e Hard hat

» Disposable boot covers

o Safety glasses or chemical splash goggles

Level D protective equipment should not be worn when:

» Respiratory protection or skin protection is required
* Inside of the exclusion zone
» The atmosphere contains less than 19.5% oxygen
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APPENDIX 4-2
INSPECTION GUIDELINES

Protective Suits

Before wearing chemical protective clothing in a hazardous atmosphere, it must be
properly inspected. The following is a checklist for visually inspecting all types of
chemical protective suits, both immediately before use and periodically when not in
use:

1. Spread the suit out on a flat surface.
2. Examine the outside for the following:

e Fabric and seams for abrasions, cuts, holes, or tears

e Seams for separations

e Zippers and other connecting devices for proper sealing and operation

» Signs of previous chemical attack or incomplete decontamination

» Exhaust valves (if applicable) for inhibiting debris and proper functioning

Fully-encapsulating vapor and gas suits need additional inspection on a regular basis.
This inspection should include the following:

1. If an air source is available, seal the suit and inflate it. Check for any leaks on
the surface and seams using a mild soap solution. Alternatively, the suit can be
checked for small holes by placing a flashlight inside the suit in a dark room
and looking for pinpoints of light from outside the suit.

2. Record each suit’s use, inspection, and repair status. The manufacturer may
recommend returning the suit to the factory on a yearly basis for a thorough
inspection. On site re-use of a suit must be approved by a competent person
assigned by the employer. Such authorization should be in the record kept for
each suit.

SCBA Inspection Checkout

Before an SCBA can be used, it must be properly inspected to help prevent
malfunctions during use. The specific manufacturer’s instructions for the devices you
use should always be followed. However the following checklist is a general guideline
for proper inspection of a positive pressure, pressure-demand SCBA.
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Prior to starting on checklist, make sure that the:
1. High pressure hose connector is tight on cylinder fitting.
2. By-pass valve is closed.
3. Mainline valve is closed.
4. Regulator outlet is not covered or obstructed.
5. Cylinder valve is closed.

Checklist for a positive pressure, pressure-demand SCBA:
Back pack and harness assembly:

Visually inspect straps for complete set.

Visually inspect straps for frayed or damaged straps.

Visually inspect buckles for mating ends.

Physically check buckle locking function.

Visually inspect back plate for cracks and missing rivets or screws.

Visually inspect cylinder hold-down strap, physically check strap tightener
and lock to assure that it is fully engaged.

SOk N

Cylinder and cylinder valve assembly:

Physically check cylinder pressure. (Should be 2200 or 4500 psi.)

Physically check hydrostatic test date monthly to assure it is current.

Visually inspect for large dents or gouges in the metal monthly.

Physically check to ensure that it is tightly fastened to back plate.

If a fiberglass hoop wrapped cylinder (4500 psi) is used, make sure it has
a retrofitted steel cylinder neck ring (Luxfur cylinders).

Ot 0=

Head and valve assembly:

1. Visually determine if the cylinder valve lock is present monthly.

2. Visually inspect the cylinder gauge for condition of face, needle, and lens
monthly.

3. Open cylinder valve and listen or feel for leakage around packing. (If
leakage is noted, do not use until repaired.) Note the functioning of the
valve lock.

Regulator and high-pressure hose:

1. Listen or feel for leakage in hose or at hose-to-cylinder connector. (Bubble
in outer hose covering may be caused by seepage of air through hose when
stored under pressure. This does not necessarily indicate a faulty hose.)
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2. Check to ensure that the regulator outlet is not covered or obstructed. Open

and close bypass valve momentarily to assure flow of air through the by-
pass system.

Cover regulator outlet with palm of hand or cap provided. Open mainline
valve and read regulator gauge. (The gauge must read at least 1,800 or
4,000 psi and not more than rated cylinder pressure.) The alarm or bell
should ring when the mainline valve is opened and the respirator is
pressurized.

Close the cylinder valve and slowly bleed the emergency by-pass valve to
allow air to flow slowly. Gauge should begin to show immediate loss of
pressure as air flows. Low-pressure alarm should sound between 520 and
480 psi or 25% of remaining air (1125 psi in a 4500 psi cylinder). This
alarm is the second alarm or bell.

Cover regulator outlet with palm of hand or cap provided. Open mainline
valve and read regulator gauge. (The gauge must read at least 1,800 or
4,000 psi and not more than rated cylinder pressure.) The alarm or bell
should ring when the mainline valve is opened and the respirator is
pressurized. This is the third alarm or bell in a three-bell check.

Facepiece and corrugated breathing tube:

1.

2.

3.

Visually inspect facepiece head harness for damaged serrations and
deteriorated rubber. Visually inspect rubber facepiece body for signs of
deterioration or extreme distortion.

Visually inspect the lens for proper seal in rubber facepiece, retaining clamp
properly in place, and absence of cracks or large scratches.

Visually inspect exhalation valve for visible deterioration or buildup of
foreign materials.

. Carry out a negative pressure check for overall seal and check exhalation

valve. During the monthly inspection, place mask against face and use
following procedure; in preparing for use, don backpack, then facepiece, and
use the following procedure: With facepiece held tightly to face (or facepiece
properly donned), stretch breathing tube to open corrugations and place
thumb or hand over end of connector. Inhale. Negative pressure should be
created inside mask, causing it to pull tightly to face for 5-10 seconds. If
negative pressure drops, this indicates a leak in the facepiece.
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Breathing tube and connector:

1. Stretch the breathing tube and visually inspect for deterioration and holes.
2. Visually inspect connector to assure good condition of threads and for
presence and proper condition of rubber gasket seals.

Storage of the Positive Pressure, Pressure-Demand SCBA Units

If the above mentioned inspection criteria is not met, then the SCBA unit should be set
aside for repair by a certified technician.

Cylinder refilled as necessary and unit cleaned and inspected.

Cylinder valve closed.

High-pressure-hose connector tight on cylinder.

Pressure bled off of high-pressure hose and regulator.

Bypass valve closed.

Mainline valve closed.

All straps completely loosened and laid straight.

facepiece properly stored to protect against dust, direct sunlight, extreme
temperatures, excessive moisture, and damaging chemicals, or stored in a
carrying case available from the manufacturer.

B e e op
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APPENDIX 4-3
RESPIRATOR INFORMATION

Protection Factors

Protection factor (PF) is a value assigned to a respirator based on its efficiency. If a
respirator allows contaminants to leak around the face seal into the mask, it is less
efficient.

The technical definition of PF is the concentration outside the respirator divided by
the concentration that can get inside the respirator.

PF = Concentration of contaminant outside the respirator
Concentration inside the respirator

The practical definition of PF is how much of the outside contaminant level is reduced
by the respirator.

* A respirator with a PF of 10 reduces exposure 10 times. The wearer is exposed
to a concentration 1/10 of the outside concentration level.

* A respirator with a PF of 10,000 reduces exposure 10,000 times. The wearer is
exposed to a concentration 1/10,000 of the outside concentration level.

A rule of thumb for protection factors is: Low PFs give the LOWEST PROTECTION
and high PFs give the HIGHEST PROTECTION

Maximum Use Concentrations

Using the PF and the OSHA Permissible Exposure Limit (PEL), you can determine

the highest level at which a respirator can be safely used. This level is called the

maximum use concentration (MUC). The MUC is the PF multiplied by the PEL.
MUC = PF x PEL

Example for nitric acid and half-face air purifying respirator (APR):

OSHA PEL for nitric acid = 2 PpPm
PF of half-face APR = 10
MUC = 10x 2

= 20 Ppm
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A half-face mask cannot be used in nitric acid levels exceeding 20 ppm. At no time
should a respirator be used in an environment that exceeds the MUC.

Respirator Selection

The industrial hygienist selects the correct respirator with the protection factor in
mind. If airborne chemical levels are high, there is a chance that the respirator does
not reduce exposure enough. If this happens, the worker may be overexposed even
wearing a respirator.

Example

Workers are using half-masks in an area where nitric acid levels are 50 ppm. Is this
acceptable? No. The MUC for nitric acid and a half-face APR is 20 ppm.
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APPENDIX 4-4
RESPIRATOR PROFILES

Type of Other Common Protection Limitations
Respirator Names Factor
(NIOSH)
Disposable Single use masks Limitations are severe. Not used
paper masks 5 for hazardous waste operations.
Quarter masks Type B mask Limitations are severe. Not used
5 for hazardous waste operations.
Half facepiece Cartridge mask, Can only be used at low levels,
type A mask, 10 where contaminants are known
negative pressure and adequate filters are
mask available. Can not be worn in an
oxygen-deficient atmosphere.
Full facepiece Cartridge mask, Limited. protection. Can only be
canister mask, 50 used when levels are fairly low
negative pressure and contaminants are known.
mask. Limited selection of filters. Can
not be worn in an oxygen-
deficient atmosphere.
Powered air PAPR Protection depends on charged
purifying 50 battery. Use is restricted by the
same limitations as other full-
face masks. Can not be worn in
an oxygen-deficient atmosphere.
Air line Hose masks, Problems with hose limits and its
respirator ATMOSPHERE 2,000 - full usefulness.
SUPPLYING face pppd
RESPIRATOR
masks, type C 10,000 - full
respirators face pppd w/
back-up air
tank
Self-contained 50 - demand Very heavy. Limited air supply of
breathing units 30, 45, or 60 minutes in 2,220 or
apparatus 4,500 psi cylinders. Longer times
SCBA 10,000 - pppd with rebreathers - 1, 2, and 4
units hours.
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HAZARDOUS WASTE

Section

WO R K E R Subject
DECONTAMINATION

TRAINEE OBJECTIVES

After completing Section 5, you will be able to:

1.

2.

List six ways to avoid unnecessary exposure to contamination.
List two commonly used methods of decontamination.

List the activities that take place at each station in Level A condensed
decontamination.

Explain the difference between full Level A decontamination and full Level B

decontamination.

Explain the difference between full Level B decontamination and full Level C

decontamination.

Standard Operating Procedures

1.

2.

Perform Level A decontamination.
Perform Level B decontamination.
Perform Level C decontamination.

Perform equipment decontamination.
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INTRODUCTION

THE IMPORTANCE OF
DECONTAMINATION

On a hazardous waste site, workers wear personal
protective equipment (PPE) to protect against chemicals
and other safety hazards. But the nature of the work is
such that the PPE itself will be exposed to and
contaminated with chemicals. For example, walking
through chemical puddles contaminates boots, and
handling contaminated tools contaminates gloves.
Spreading chemicals around defeats the purpose of safety
precautions. Therefore, it’s very important for a worker
to know how to remove PPE without being exposed. A
formal decontamination sequence must be followed.
Decontamination is the process of removing or
neutralizing chemicals that have accumulated on PPE,
tools, or equipment used on the job.

It is important to understand how exposures would occur
if decontamination was not done. Several important
exposure pathways follow:

e Direct exposure of the worker. Without regular
decontamination, chemicals could permeate the
material of the suit or gloves. This permeation would
lead to serious skin exposures.

» Exposure from protective equipment. There may be
accidental chemical exposure while removing the suit
and gloves. These exposures would accumulate day
after day with the protective gear becoming a source
of exposure.

« Exposure from tools. Accidental exposure could also
occur from handling contaminated tools. A worker
might not notice these exposures, as some chemicals
can pass through the skin without any noticeable
sensation. If tools aren’t decontaminated, they could
cause other workers to become exposed.

Family members can also be exposed to hazardous
chemicals if workers go home with contaminated skin
and street clothes. Therefore, decontamination requires
much thought, planning, and effort. All workers should
constantly be aware of their responsibility to protect
themselves, their co-workers, and their families.
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CONTAMINATION Contamination occurs when a hazardous material is
spread to an unwanted location. The following
conditions are some sources of contamination:

* Leaks or breaks in containers or systems.

* Opening containers or systems without proper
controls.

e Airborne contamination settling on surfaces.

e Poor housekeeping practices in contaminated areas.

» Excessive motion or movement in areas of high
contamination.

e Sloppy work practices that result in cross-
contamination of tools, equipment, or workers.

When working with hazardous materials, contamination

can occur. However, using the work practices associated

with contamination avoidance and contamination
transfer can help workers reduce the spread of
contamination.

Contamination Contamination avoidance is the process of preplanning in

Avoidance order to avoid unnecessary exposure.

To avoid unnecessary exposure to contamination, workers

should:

e Use remote sampling and handling equipment.
Equipment can be used to put distance between the
worker and sources of obvious contamination. For
example, when moving a drum, use a drum grappler.
The worker operating the grappler gets less exposure
than would occur from direct handling of the drum.
Remote equipment also is available for sampling and
opening drums.

* Avoid exposures through work practices. For
example, a job can be arranged so that workers do not
walk through areas of obvious contamination. Walk
around these areas when possible.
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» Use plastic bags and sheeting. Certain tools and
instruments can be protected by keeping them in
plastic bags. Openings in the bags are made where
needed. Plastic sheets are also used to encase the
source of contamination. A plastic sheet or liner is
placed over a leaking barrel to cut down on contact
with PPE.

*  Wear PPE properly to receive maximum protection.
Be sure that all openings in protective clothing are
properly sealed. The potential for chemicals to enter
any openings in the suit must be minimized. All
zippers should be fully closed, and all buttons or
snaps should be used. Gloves and boots should be
tucked under sleeves and legs of suits. All seams
should be sealed with tape.

e Wear a layer of disposable clothing (e.g., Tyvek®) on
top of PPE. It protects the gear and minimizes the
decontamination required.

¢ Maintain communication with a buddy or support
staff.

To avoid unnecessary exposure to contamination, workers
should not:

e Touch barrels, equipment, and debris unless the job
requires them to.

e Sit on potentially contaminated soil, equipment,
drums, etc.

» Be exposed to liquid or solid chemicals unless it’s
necessary to complete the work task.

Contamination Contamination transfer is the act of passing

Transfer contamination from one item or person to another item
or person. To help prevent contamination transfer,
workers should:
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DECONTAMINATION
PROCEDURE

e Doff the various levels of PPE with care.

* Remove clothing in the order established for the
decontamination procedure. This process starts with
removal of the garments most likely contaminated
(outermost), such as outer gloves and boot covers, and
works its way down to the least contaminated
respirator facepiece. Once outer gloves are removed,
avoid touching the outside of the splash suit or fully
encapsulating suit. Always assume the inner gloves
are contaminated and make every effort not to touch
the skin.

* Assume equipment is still contaminated even though
it has been washed. Many chemicals cannot be
completely removed from chemical protective clothing.

Decontamination line workers should also assume their
equipment is contaminated They should never touch
workers on their inner clothing or skin.

The Hazardous Waste Operations and Emergency
Response regulations (29 CFR 1910.120) require
procedures for all phases of decontamination, which must
be implemented as follows:

e A decontamination procedure shall be developed,
communicated to employees, and implemented before
any employee or equipment may enter areas on site
where the potential for exposure to hazardous
substances exists.

o Standard operating procedures (SOPs) shall be
developed to minimize employee contact with
hazardous chemicals.

« All employees leaving contaminated areas shall be
appropriately decontaminated.

e Decontamination procedures shall be monitored by
the site safety and health officer.

5-6

© Laborers-AGC, June 2000



Decontamination

Decontamination
Methods

Physical Removal

Chemical Removal

It is a further requirement that the decontamination
procedures for a site be detailed in the Site Safety and
Health Plan.

There are several different methods for removing
contamination. The most commonly used methods are:

e Physical removal
e (Chemical removal

In some cases, contaminants can be easily dislodged.
Scraping, brushing, and wiping are used to remove
contaminants. Heat may be used to evaporate chemicals
that have begun to permeate protective clothing. Several
studies have shown that the simple process of airing out
the suits for 8 to 24 hours can be very effective in
removing some chemicals.

Sometimes physical removal is not enough and chemical
rinses are needed. Certain solvents can act like a dry-
cleaning fluid to remove a contaminant by chemical
action. Sometimes strong detergents are used. Also,
weak acid solutions can neutralize some caustic solutions
and vice versa. Great care must be taken with chemical
removal to be sure that the chemical used to aid
decontamination doesn’t damage the protective material,
causing additional safety and health problems. There
are three general methods for chemical decontamination
of protective clothing:

« Water and detergent washing

« Water and bleach washing

e Dry cleaning — only effective if the dry cleaning
solvent won’t damage the protective clothing

During the decontamination process the use of water
must be kept in mind. Once water is used to decon
either personnel or equipment, it must be considered
contaminated. This contaminated water must be
collected and disposed of in a proper manner. The water
collection system used for decon will vary with the size of
the site and the anticipated length of time for the
cleanup project. Sites with extended clean-up times
usually build permanent and elaborate water collection
systems. Sites with short clean-up times, use systems of

© Laborers-AGC, June 2000
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Decontamination

General Features and
Location of a
Decontamination Area

FULL
DECONTAMINATION
PROCEDURES

buckets and barrels to collect contaminated water. The
site set up for decon will determine the amount of water
used for the decontamination process.

The location of the decontamination area is critical to
worker safety and is first established during site
characterization. However, the location may change
depending upon weather and/or work conditions.

One end of the decontamination area must start in the
exclusion zone. It extends over the hot line through the
contamination reduction zone (CRZ), with the clean end
extending past the contamination control line into the
support zone.

The decontamination area is often designated as the
contamination reduction corridor (CRC) (Figure 5-1).

The boundaries must be clearly marked, with entry and
exit restricted. The exact sequence of decontamination to
be followed depends on the level of PPE being used.

Full decontamination is the 19-station, 19-step procedure
recommended by the Environmental Protection Agency
(EPA). Although condensed decontamination procedures
are commonly used on most clean-up sites, it is
important to be familiar with full decontamination
procedures in order to perform condensed
decontamination. The difference between full and
condensed decontamination is not the number of steps
but the number of stations.

At waste sites, the decontamination procedure used will
be established by the site safety and health officer, in
accordance with the requirements of 29 CFR 1910.120.
Normally these procedures will have fewer than 19
stations and place more responsibility on the individual
for decontaminating his/herself.

5-8
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Contamination Control Line

Contamination
Reduction

Command post
and wind sock

b -

Support Zone

_ Contamination
CRC = Reduction Corridor

Figure 5-1. Location of the contamination reduction corridor on a hazardous waste site.
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Decontamination

Level A-Full
Decontamination
Procedures

Exclusion Zone Stations

Level A decontamination procedures are used when
workers are wearing fully encapsulating suits and

SCBAs. Figure 5-2 shows the layout for Level A full
decontamination procedures.

Decontamination stations 1 through 6 occur inside the
exclusion zone.

Station 1— Deposit equipment on plastic drop cloths or in various
Segregated Equipment containers lined with plastic. Equipment may include
Drop tools, sampling devices and containers, monitoring
EXCLUSION boot boot
ZONE cover  cover  Segregated
outer boot and and equipment
glove cover tape glove glove drop
removal removal removal rinse wash
HOTLNE }

tank
change

CONTAMINATION
REDUCTION
ZONE

suit/safety
boot wash

suit/safety
boot rinse

safety boot
removal

fully encapsulating suit
and hard hat removal

SCBA backpack
removal

inner glove
wash

inner glove
rinse

facepiece
removal

inner glove
removal

inner clothing

removal CONTAMINATION

ZONE

field
SUPPORT e

.I—‘| |—\|.|—\l g P o PR [ .I—‘| H|.|

8 redress

CONTROL LINE

|

Figure 5-2. Decontamination layout for level A protection.
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Decontamination

5

Station 2—-
Boot Cover and Glove
Wash

Station 3—
Boot Cover and Glove
Rinse

Station 4-
Tape Removal (if
required)

Station 5-
Boot Cover Removal

Station 6—
Outer Glove Removal

instruments, radios, and clipboards. Because each piece
of equipment will be contaminated to a different degree,
it is important to separate types of equipment to avoid
cross contamination. Equipment at this station includes:

e (Containers of various sizes
e Plastic liners
» Plastic drop cloths.

Scrub outer boot covers and gloves with a decon or
detergent solution. Equipment at this station includes:

e 20-30 gallon (76-114 liter) container (a kiddie pool
works well)

e Decon or detergent solution

e Long-handled scrub brushes

Rinse off the decon solution from station 2. Use a large
amount of water as long as water usage doesn’t pose a
problem. Repeat as many times as necessary. If saving
water is a priority, wipe the decon solution off with
disposable towels. Equipment at station 3 includes:

e 20-30 gallon (76-114 liter) container (a kiddie pool
works well)

» Water

e Long-handled scrub brushes

e Disposable towels

Remove the tape from around the boots and gloves and
deposit it in a lined container. Equipment at this station
includes a container with a plastic liner.

Remove boot covers and deposit them in a lined
container. Equipment at this station includes:

e Container with a plastic liner
e Bench or stool

Remove outer gloves and deposit in a lined container.
Equipment at this station includes a container with a
plastic liner. If gloves are part of the level A suit,
proceed to Station 7.

© Laborers-AGC, June 2000
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Decontamination

Contamination
Reduction Zone

Station 7-
Suit and Safety Boot
Wash

Station 8-
Suit and Safety Boot
Rinse

Station 9-
Tank Change

Decontamination stations 7 through 17 occur in the
contamination reduction zone.

Thoroughly wash the fully encapsulating suit and boots,
starting at the top of the suit and working down to the
boots. Be sure to scrub all areas, including the bottoms
of the boots, with long-handled scrub brushes. Use large
amounts of a decon solution or detergent and water, if
allowed, and repeat as many times as necessary.
Equipment at this station includes:

» 30-50 gallon (114-190 liter) container (a kiddie pool
works well)

e Decon solution or detergent and water

* Long-handled scrub brushes

Rinse off all decon or detergent and water solution with a
large amount of water if possible. Repeat as many times
as necessary. Equipment at this station includes:

e 30-50 gallon (114-190 liter) container (a kiddie pool
works well)
* Water

If the worker is leaving the work area to return to the
support zone, this station is not required. If the worker
is returning to the exclusion zone, this is the last step in
the decontamination procedure. The worker’s air
cylinder is exchanged, new outer gloves and boot covers
are donned and seams taped if necessary. The worker
then returns to the work site. Equipment at this station
includes:

e Air cylinders
¢ Boot covers

e Gloves
* Tape
Station 10— Remove safety boots and deposit them in a lined
Safety Boot Removal container. If the boots are fastened permanently to the
suit, this station is not required. Equipment at this
station includes:
e Container with a plastic liner
e Bench or stool
* Boot jack (optional)
5-12 © Laborers-AGC, June 2000



Decontamination

Station 11—

Fully Encapsulating Suit

Station 12—

SCBA Backpack
Removal

Station 13—
Inner Glove Wash

Station 14—
Inner Glove Rinse

Station 15—
Facepiece Removal

Station 16—
Inner Glove Removal

With the assistance of a helper, remove the fully-
encapsulating suit (and hard hat if used). If further
decontamination is needed, take the suit to the proper
area. If no further decon is needed, hang up the suit
properly or lay it out on a drop cloth. Equipment at this
station includes:

* Bench or stool
« Rack
e Drop cloth

If possible, remove the self-contained breathing
apparatus (SCBA) backpack and place it on a table.
Disconnect the breathing hose from the regulator and
proceed to the next station. If the hose cannot be
disconnected, the backpack must be carried through the
next two stations. Equipment at this station includes a
table.

Wash the inner gloves with a decon or detergent solution
that will not harm the skin. Repeat as many times as
necessary. Equipment at this station includes:

* Basin or bucket
e Decon or detergent solution
* Small table

Rinse the inner gloves with water and repeat as many
times as necessary. Do not remove the gloves at this
station. Equipment at this station includes:

e  Water basin or bucket
e Small table

Remove the facepiece, or the SCBA if carried from
station 12, and place it in a lined container or on a table
for further decontamination and cleaning. Equipment at
this station includes a small table or a container with a
plastic liner.

Remove the inner gloves, turning them inside out, and
place them in a lined container. Equipment at this
station includes a container with a plastic liner.

© Laborers-AGC, June 2000
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Decontamination

Station 17—
Inner Clothing Removal

Remove the inner clothing and place in a lined container.
Inner clothing should be removed as soon as possible
since there is a possibility that small amounts of
contaminants might have been transferred in removing
the fully encapsulating suit. Equipment at this station
includes:

* 30-50 gallon (114-190 liter) container
» Plastic liners

Support Zone Decon stations 18 and 19 occur in the support zone.
Station 18— If toxic, skin-corrosive, or skin-absorbable materials are
Field Wash present or suspected to be present, a shower should be
taken, and is recommended at all sites, especially after a
potential exposure. If a shower is not available, wash
hands, face, and arms. Equipment at this station
includes:
* Shower
e Small table
* Basins
o Water
* Soap
o Towels
Station 19— Put on clean clothes. Equipment at this station includes:
Redress
* Dressing facility
e Tables
e Chairs
e Lockers
e (lean clothes
5-14 © Laborers-AGC, June 2000



Decontamination

5

Level B-Full
Decontamination
Procedures

Level B full decontamination procedures are used when a
worker wears a chemical protective splash suit and
SCBA. Level B procedures are very similar to Level A
full decontamination. The only difference in the
procedure is the removal of the SCBA prior to the
removal of the protective suit. (Stations 11 and 12 are
reversed.) See Figure 5-3 for a graphic description of the
full Level B decontamination process.

EXCLUSION
ZONE

outer boot and and
glove cover tape glove glove
removal removal removal rinse wash

HOT LINE %

boot boot

cover cover ~ Segregated

equipment
drop

tank
change

ZONE

CONTAMINATION
REDUCTION

suit/safety
boot wash

suit/safety
boot rinse

safety boot
removal

SCBA backpack
removal

splash suit
removal

inner glove
wash

inner glove
rinse

facepiece
removal

inner glove
removal

inner clothing

removal CONTAMINATION

SUPPORT
ZONE

(==Y

= |—\|.|—\||—\||—\|.|—\||—\ l—‘l.l

CONTROL LINE
redress

|

Figure 5-3. Decontamination layout for level B protection.
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Decontamination

Level C- Full
Decontamination

Procedures

Level C full decontamination procedures are used when a
worker wears a splash suit and air purifying respirator.
The process is similar to the level A and B procedures
except for the obvious changes because of different
respiratory protection. Station 9 switches from tank
change to canister/filter or mask change and the SCBA
backpack removal station is deleted. This changes the
number of stations to 18. See Figure 5-4 for a graphic
description of Level C decontamination procedures.

EXCLUSION
ZONE

HOTLINE 1

boot boot
cover cover

outer boot and and
glove cover tape glove glove
removal removal removal rinse wash

segregated
equipment
drop

cartridge/
canister
change

CONTAMINATION

REDUCTION
ZONE

suit/safety
boot wash

suit/safety
boot rinse

safety boot
removal

splash suit
removal

inner glove
wash

inner glove
rinse

facepiece
removal

inner glove
removal

inner clothing

removal CONTAMINATION

=

— g P ) PR T .Hll—‘l.l

SUPPORT
ZONE

|
V]:/izlsdh redress CONTROL LINE

Figure 5-4. Decontamination layout for level C protection.
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Decontamination

CONDENSED
DECONTAMINATION
PROCEDURES

Level A-Condensed
Decontamination
Procedures

Station 1-
Segregated Equipment
Drop

Station 2—
Suit, Boots, and Gloves
Wash / Rinse

Station 3—
Boot Covers and Outer
Gloves Removal

Condensed decontamination procedures are commonly
used at many clean-up sites. Like full decontamination
procedures, there are 19 steps, but the steps are grouped
into fewer stations. One major reason for the simplified
procedure is that some protective clothing (coveralls,
gloves, and boot covers) used at many current cleanups
are removed and disposed as opposed to washed, rinsed,
and removed.

The following text describes the condensed
decontamination procedures for Level A protection.
Figure 5-5 illustrates the steps.

Deposit equipment on plastic drop cloths or in various
containers lined with plastic. Equipment may include
tools, sampling devices and containers, monitoring
instruments, radios, and clipboards. Because each piece
of equipment will be contaminated to a different degree,
it is important to separate types of equipment to avoid
cross contamination. Equipment at this station includes:

e Containers of various sizes
e Plastic liners
» Plastic drop cloths

Thoroughly wash the fully encapsulating suit, boots, and
gloves, starting at the top of the suit and working down
to the boots. Be sure to scrub all areas, including the
bottom of the boots, with long-handled scrub brushes.
Use large amounts of a decon or detergent solution and
water to rinse, if allowed, and repeat as many times as
necessary. Equipment at this station includes:

e 30-50 gallon (114-190 liter) container (a kiddie pool
works well)

e Decon or detergent solution

» Water

e Long-handled scrub brushes

Remove boot covers and outer gloves. Deposit them in a
lined container. Equipment at this station includes a
container with a plastic liner.

© Laborers-AGC, June 2000
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Decontamination

EXCLUSION
ZONE fully encapsulating suit, segr_egated
tape removal,boot boot cover ecugpment
cover and outer and glove rop
glove removal wash and rinse
HOTLINE ¢ (8D 2D+ D
CONDENSED
A 4 k
—C  change DECON LAYOUT
FOR LEVEL A
CONTAMINATION v fully encapsulating suit, PROTECTION

boot, gloves, and

REDUCTION > hard hat removal
ZONE
@ SCBA backpack removal,
inner glove wash and rinse,
facepiece removal, and
inner glove removal
CONTAMINATION
SUPPORT and redress
ZONE

Figure 5-5. Condensed decon layout for level A protection.

Station 4—
Tank Change

Station 5-
Fully Encapsulating
Suit Removal

This station is not required if the worker is leaving the
work area to return to the support zone. If the worker is
returning to the exclusion zone, this station is the last
step in the decontamination procedure. Exchange air
cylinder, don new outer gloves and boot covers, and tape
seams, if necessary. Return to work. Equipment at this
station includes:

e Air cylinders
* Boot covers

e Gloves

e Tape

With the assistance of a helper, remove the fully-
encapsulating suit and hard hat. If further
decontamination is needed, take the suit to the proper

5-18
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Decontamination

Station 6—

SCBA Removal, Inner
Glove Wash, Rinse,
Removal and Field Wash

Station 7—
Field Wash and Redress

Level B-Condensed
Decontamination
Procedures

Station 1-
Segregated Equipment
Drop

area. If no further decon is needed, hang up the suit
properly or lay it out on a drop cloth. Equipment at this
station includes:

* Bench or stool
e Rack
e Drop cloth

Remove the backpack and SCBA and place it on a table.
Do not touch your face with your hands. Wash the inner
gloves with decon or detergent solution that won’t harm
the skin. Repeat as many times as necessary. Rinse the
inner gloves with water and repeat as many times as
necessary. Remove the facepiece. Remove the inner
gloves. Equipment at this station includes a table.

Take a shower if toxic, skin-corrosive, or skin-absorbable
materials are known or suspected to be present.
Showers are recommended at all sites and after all
potential exposures. If a shower is not available, wash
hands, arms, and face. Equipment at this station
includes:

e Shower
e Small table
e Basins or buckets

e Water
e Soap
e Towels

e Decon or detergent solution
e Water basin or bucket

The following text describes the condensed
decontamination procedures for Level B protection.
Figure 5-6 illustrates the steps.

Deposit equipment onto plastic drop cloths or in different
containers lined with plastic. Equipment may include
tools, sampling devices and containers, monitoring
instruments, radios, and clipboards. Each piece of
equipment will be contaminated to a different degree.
Segregation at the drop reduces the chance of cross-
contamination.

© Laborers-AGC, June 2000
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Decontamination

EXCLUSION
ZONE segregated
tape removal, boot splash suit, equipment
cover and outer boot and glove drop
glove removal wash and rinse
HOTLINE ¢ (& (2D)- él
CONDENSED
A 4 k
——4)  change DECON LAYOUT
FOR LEVEL B
v PROTECTION
CONTAMINATION @D SCBA backpack
REDUCTION removal
ZONE i splash suit, boot, gloves, and
CGD hard hat removal;
inner glove wash and rinse;
facepiece removal,
inner glove removal
CONTAMINATION
> field wash CONTROL LINE
SUPPORT @ and redress
ZONE

Figure 5-6. Condensed layout for level B protection.

Station 2—
Suit, Boots, and Gloves
Wash / Rinse

Equipment at this station includes:

Containers of various sizes with plastic liners
Plastic drop cloths

Thoroughly wash the chemical resistant splash suit,
starting at the top of the suit and working down to the
boots. Be sure to scrub all areas, including the bottom of
the boots, with long-handled scrub brushes. Use large
amounts of a decon or detergent solution and water to
rinse, if allowed, and repeat as many times as necessary.
Equipment at this station includes:

30-50 gallon (114-190 liter) container (a kiddie pool
works well)

Decon or detergent solution

Water

2 or 3 long-handled scrub brushes

5-20
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Decontamination

5

Station 3—

Tape Removal and Boot
Covers and Outer Gloves
Removal

Station 4—
Tank Charge

Station 5-
SCBA Removal

Station 6—

Suit Removal, Inner
Glove Wash, Rinse,
Removal

Remove the tape from around the boot covers and outer
gloves and deposit in a lined container. Remove boot
covers and outer gloves and deposit in a lined container.
Equipment at this station includes two containers with
plastic liners.

This station is not required if the worker is leaving the
work area to return to the support zone. If the worker is
returning to the exclusion zone, this is the last step in
the decontamination procedure. The worker’s air
cylinder is exchanged, new outer gloves and boot covers
are donned, and seams are taped if necessary. The
worker then returns to work. Equipment at this station
includes:

e Air cylinders
* Boot covers

e Gloves

e Tape

Remove the backpack and SCBA and place it on a table.
Workers should avoid touching their faces with their
hands. Equipment at this station includes a table.

With the assistance of a helper, remove the chemical
resistant splash suit and hard hat. If further
decontamination is needed, take the suit to the proper
area. If no further decon is needed, hang up the suit
properly or lay it out on a drop cloth. Deposit the gloves
and boots in separate, lined containers. Wash the inner
gloves with decon or detergent solution that won’t harm
the skin. Repeat as many times as necessary. Rinse the
inner gloves with water and repeat as many times as
necessary. Remove the facepiece. Remove the inner
gloves. Equipment at this station includes:

e Bench or stool

 Rack

e Drop cloth

e Containers with lined plastic

© Laborers-AGC, June 2000
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Decontamination

Station 7—
Field Wash

Level C-Condensed
Decontamination
Procedures

Station 1-
Segregated Equipment
Drop

Station 2—
Suit, Boots, and Gloves
Wash / Rinse

Take a shower if toxic, skin-corrosive, or skin-absorbable
materials are known or suspected to be present.
Showers are recommended at all sites and after all
potential exposures. If a shower isn’t available, wash
hands, arms, and face. Equipment at this station
includes:

e Shower
e Small table
e Basins or buckets

e Water
e Soap
e Towels

e Decon or detergent solution
* Water basin or bucket

The following text describes the condensed
decontamination procedures for Level C protection.
Figure 5-7 illustrates the steps.

Deposit equipment used on-site on plastic drop cloths or
in different containers lined with plastic. Equipment
may include tools, sampling devices and containers,
monitoring instruments, radios, and clipboards. Each
piece of equipment will be contaminated to a different
degree. Segregation at the drop reduces the chance of
cross-contamination. Equipment at this station includes:

e Containers of various sizes with plastic liners
» Plastic drop cloths

Thoroughly wash the chemical resistant splash suit,
boots, and gloves starting at the top of the suit and
working down to the boots. Be sure to scrub all areas,
including the bottom of the boots, with long-handled
scrub brushes. Use large amounts of decon or detergent
solution and water to rinse, if allowed. Repeat as many
times as necessary. Equipment at this station includes:

e 30-50 gallon (114-190 liter) container (a kiddie pool
works well)

e Decon or detergent solution

* Water

e Long-handled scrub brushes
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Decontamination

CONTAMINATION

EXCLUSION
ZONE segr.egated
tape removal,boot splash suit, equipment
cover and outer boot and glove drop
glove removal wash and rinse
HOTLINE ¢ (3D 2+ D)
CONDENSED
—( 4 m‘iﬂfﬁ;ﬁée DECON LAYOUT
FOR LEVEL C
il splash suit, PROTECTION

boot, gloves, and

)

REDUCTION hard hat removal
ZONE
Y inner glove wash and rinse,
CGD respirator removal,
inner glove removal,
CONTAMINATION
Y field wash CONTROL LINE
SUPPORT @ and redress
ZONE

Figure 5-7. Condensed decon layout for level C protection.

Station 3—
Tape Removal and Outer
Glove and Boot Removal

Station 4—
Canister or Mask Change

Remove the tape from around the outer boots and gloves
and deposit in a lined container. Remove outer boots and
gloves and deposit in a lined container. Equipment at
this station includes two containers with plastic liners.

This station is not required if a worker is leaving the
work area to return to the support zone. If the worker is
returning to the exclusion zone, this step is the last one
in the decontamination procedure. Exchange the mask
or canisters, don new outer gloves and boot covers, and
tape seams if necessary. Return to work. Equipment at
this station includes:

Canisters
Masks
Boot covers
Gloves
Tape

© Laborers-AGC, June 2000
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Decontamination

Station 5—
Boots, Gloves, and Suit
Removal

Station 6—

Inner Glove Wash, Rinse,
and Removal, Respirator
Removal

With the assistance of a helper, remove the chemical
resistant splash suit, gloves, boots and hard hat if used.
If further decontamination is needed, take the suit to the
proper area. If no further decon is needed, hang up the
suit properly or lay it out on a drop cloth. Deposit the
gloves and boots in separate lined containers.
Equipment at this station includes:

e Bench or stool

 Rack

e Drop cloth

e Containers with plastic liners

Wash the inner gloves with decon or detergent solution
that won’t harm the skin. Repeat as many times as
necessary. Rinse the inner gloves with water and repeat
as many times as necessary. Remove the respirator and
place it on a table. Workers should avoid touching their
faces with their hands. Remove the inner gloves.
Equipment at this station includes a table.

Station 7— Take a shower if toxic, skin-corrosive, or skin-absorbable
Field Wash materials are known or suspected to be present.
Showers are recommended at all sites and after all
potential exposures. If a shower isn’t available, wash
hands, arms, and face. Equipment at this station
includes:
* Shower
e Small table
» Basins or buckets
o Water
e Soap
» Towels
e Decon or detergent solution
e  Water basin or bucket
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Decontamination

5

WORKING ON THE
DECON LINE

DECONTAMINATION
OR DISPOSAL OF
EQUIPMENT

If workers assist with the decontamination procedures,
they may be exposed. The site safety and health officer
must decide the level of protection required for decon line
workers. In some cases, the decon workers will need the
same protection as workers in the exclusion zone. This is
the case especially at the beginning of a job, where
hazards are not well characterized, or where exclusion
zone workers may be heavily contaminated.

The type of decontamination procedures used also are a
factor in choosing protection. For example, steam jets
may be used as a part of decon. They produce high
moisture levels; therefore, the PPE being used by the
worker must be able to withstand moisture. Solvents
used for decontamination may damage certain types of
PPE. The decon line workers at the “dirty” end will need
more protection than workers at the “clean” end. It is
typical for decon line workers to use Level B or Level C
protection.

All equipment must be decontaminated before leaving
the site. Many wooden tools, leather harnesses, and
other articles with porous surfaces may absorb chemicals
to the point where decontamination is not realistically
possible. For these types of articles, disposal is better
than decontamination. Buckets, brushes, and other
contaminated tools are usually put in containers and
labeled for disposal. Also, wash water and spent
solutions must be collected and disposed of properly.
Large pieces of equipment, such as backhoes, bulking
chambers, and trucks pose serious decontamination
problems. High pressure steam lines are commonly used
to decon these types of equipment. Sandblasting is
sometimes required. Shovels, lifts, and scoops may have
to be sandblasted.

Wipe tests are used to determine when decontamination
has been achieved. In a wipe test, a piece of gauze or
filter paper is drawn across a surface. The filter is then
analyzed for chemical content. A wipe test gives data on
how much chemical contamination is present on a
surface.

© Laborers-AGC, June 2000
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5 Decontamination

EMERGENCY The decontamination procedures just described are for

DECONTAMINATION routine daily operation. However, it’s important to have
emergency decontamination procedures developed and
for workers to be familiar with them. The emergency
procedures must be carried out using established SOPs.
However, if immediate medical treatment is required to
save a life, decontamination can wait. Listed below are
some possible emergency situations.

e Physical injury — For minor medical problems or
injuries, the normal decontamination procedure
should be followed; however, life-saving care should be
started immediately without decontamination.
Respirators and backpacks usually need to be
removed. Sometimes protective clothing must be cut
away.

o Heat stress — Heat stroke is the most serious heat-
related illness. Treatment must be immediate
because heat stroke can kill. Omit or reduce the
decontamination procedures and begin treatment
right away. For heat related disorders less severe
than heat stroke, decontamination is usually done.

e Chemical exposure — When contamination is the
cause of the emergency, decontamination is part of the
medical response. For example, a chemical burn
might be flooded with water. If medical problems are
not severe, decontamination also should be done.

Because every emergency is different, individual
judgement must be used in each situation Teamwork,
planning, and knowledge of first-aid are important
components of a good emergency program.
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Decontamination 5

SECTION 5 - ASSIGNMENT SHEET

1. List six ways to avoid unnecessary exposure to contamination.

2. List two commonly used methods of decontamination.

3. List the activities that take place at each station in Level A condensed
decontamination.

Station 1:

Station 2:

Station 3:

Station 4:

Station 5:

Station 6:

Station 7:
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5 Decontamination

5. Explain the difference between full Level A decontamination and full Level B
decontamination.

6. Explain the difference between full Level B decontamination and full Level C
decontamination.
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Decontamination

SECTION 5-STANDARD OPERATING PROCEDURE 1

Level A
Decontamination

Station 2:

Station 3:

Station 4:

Station 5:

Station 6:

Station 7:

Station 8:

Station 9:

Station 10:

Decontaminate a fellow trainee (buddy) in Level A PPE
using the following steps.

Scrub your buddy’s gloves and outer boots with a brush
and decon solution. Make sure to remove as much of the
contaminants as possible, quickly and efficiently.

Rinse off the decon solution with water. If you are
collecting the water for disposal, use only what is
necessary, or wipe down the boots with disposable towels.

Remove the duct tape. Deposit tape and disposable
towels in a plastic-lined container.

Help your buddy remove his/her boot covers. If the boots
are disposable, turn them inside out as you are pulling
them off. This reduces exposure. Deposit them in a
plastic-lined container.

Remove your buddy’s outer gloves, again turning them
inside out if they are disposable. Deposit them in a
plastic-lined container.

Scrub your buddy’s fully encapsulating suit, gloves, and
boots with a brush and decon solution. Start at the top
and make sure you get all contaminants.

Rinse off all of the decon solution with water. If you are
collecting the water for disposal, use only what is
necessary or wipe down with disposable towels. Discard
the towels in the proper container.

If your buddy is returning to the exclusion zone, help
him/her exchange the SCBA cylinder. You will have to
open the suit. Be careful to prevent contamination of the
inside of the suit. Help your buddy don the suit and put
on new outer gloves and boots. Tape seams with duct
tape (if necessary).

If your buddy is done in the exclusion zone, help him/her
remove his/her boots if they are not attached to the suit.
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5 Decontamination

Station 11: Help your buddy remove his/her fully encapsulating suit
and hard hat. If the suit needs additional
decontamination, take it to the proper decon area after
your buddy has completed Station 17.

Station 12: Help your buddy remove his/her SCBA. If it needs
further decontamination, take it to the proper area after
your buddy has completed Station 17.

Station 13: Follow your buddy through stations 13, 14, 15, 16, and
17. Assist if necessary. Decontaminate the suit, SCBA,
and other PPE if needed. Store them in the proper area.
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Decontamination

SECTION 5-STANDARD OPERATING PROCEDURE 2

Level B
Decontamination

Station 2:

Station 3:

Station 4:

Station 5:

Station 6:

Station 7:

Station 8:

Station 9:

Station 10:

Station 11:

Decontaminate a fellow trainee (buddy) in Level B PPE
using the following steps:

Scrub your buddy’s gloves and outer boots with a brush
and decon solution. Make sure to remove as much of the
contaminants as possible, quickly and efficiently.

Rinse off the decon solution with water. If you are
collecting the water for disposal use only what is
necessary, or wipe down the boots with disposable towels.

Remove the duct tape. Deposit tape and disposable
towels in a plastic-lined container.

Help your buddy remove his/her boot covers. If the boots
are disposable, turn them inside out as you are pulling
them off. This reduces exposure. Deposit them in a
plastic lined container.

Remove your buddy’s outer gloves, again turning them
inside out if they are disposable. Deposit them in a lined
container.

Starting at the top, scrub your buddy’s splash suit,
SCBA, gloves, and safety boots with a brush and decon
solution. Make sure you get all contaminants.

Rinse off all of the decon solution with water. If you are
collecting the water for disposal, use only what is
necessary, or wipe down with disposable towels. Discard
the towels in the proper container.

If your buddy is returning to the exclusion zone, help
him/her exchange the SCBA cylinder and put on new
outer gloves and boots. Tape seams with duct tape (if
necessary).

If your buddy is done in the exclusion zone, help him/her
remove his/her safety boots and deposit in a plastic-lined

container.

Help your buddy remove his/her SCBA.
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5 Decontamination

Station 12: Help your buddy remove his/her splash suit. If it is
disposable, deposit it in the proper container. If the suit,
SCBA, or other PPE need further decontamination, take
it to the appropriate decon area after your buddy has
completed Station 17.

Station 13: Follow your buddy through stations 13, 14, 15, 16, and
17. Assist if necessary. Decontaminate the suit, SCBA,
and other PPE, if needed. Store them in the proper area.
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Decontamination

SECTION 5-STANDARD OPERATING PROCEDURE 3

Level C
Decontamination

Station 2:

Station 3:

Station 4:

Station 5:

Station 6:

Station 7:

Station 8:

Station 9:

Station 10:

Decontaminate a fellow trainee (buddy) in Level C PPE
using the following steps.

Scrub your buddy’s gloves and outer boots with a brush
and decon solution. Make sure to remove as much of the
contaminants as possible, quickly and efficiently.

Rinse off the decon solution with water. If you are
collecting the water for disposal, use only what is
necessary, or wipe down the boots with disposable towels.

Remove the duct tape. Deposit tape and disposable
towels in a plastic-lined container.

Help your buddy remove his boot covers. If the boots are
disposable, turn them inside out as you are pulling them
off. This reduces exposure. Deposit them in plastic-lined
containers.

Remove your buddy’s outer gloves, turning them inside
out if they are disposable. Deposit them in a plastic-
lined container.

Starting at the top, scrub your buddy’s splash suit,
gloves, and safety boots with decon solution. Make sure
you get all the contaminants.

Rinse off all decon solution using water. If you are
collecting the water for disposal, use only what is
necessary, or wipe down with disposable towels. Discard
the towels in the appropriate containers.

If your buddy is returning to the exclusion zone, help
him/her exchange filters or cartridges and new outer
gloves and boots. Tape seams with duct tape if
necessary.

If your buddy is done in the exclusion zone, help him/her
remove his/her safety boots and deposit them in a lined
container.
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Decontamination

Station 11:

Station 12:

Help your buddy remove his/her splash suit. Ifit is
disposable, deposit it in the proper container. If it needs
further decontamination, take it to the appropriate decon
area after your buddy has completed Station 16.

Follow your buddy through stations 12, 13, 14, 15, and
16. Assist if necessary. Decontaminate the suit and
other PPE if needed. Store them in the proper area.
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Decontamination

SECTION 5-STANDARD OPERATING PROCEDURE 4

Equipment
Decontamination

Decontaminate equipment used on the simulated waste
site.

In general, the procedures used for decontaminating
equipment are the same as the procedures used for
decontaminating workers. Usually only two steps are
used.

1. Wash all equipment with decon solution and brushes.
Large equipment can be steam-cleaned or pressure-
washed. Start at the top and work your way to the
bottom. Be complete.

2. Rinse all equipment with water. If the water is being
collected for disposal, use as little as possible. Use
disposable towels and wipe the equipment. Put the
towels in the proper container.

There may be special circumstances or procedures that
differ. If equipment (i.e. monitoring equipment) can be
damaged with water, then alternate methods of

decontamination must be used. Follow the instructions
and procedures listed in the site safety and health plan.
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Section

HAZARDOUS WASTE Tite

WORKER SITE SAFETY AND
HEALTH PLAN

TRAINEE OBJECTIVES

After completing Section 6, you will be able to:

1.

2.

List the ten minimum requirements for a site safety and health plan.

List four examples of unusual hazards that would make it necessary for
additional special training.

Identify the following acronyms:
CRZ

CRC

S&HO

List the two basic types of emergencies on a hazardous waste site and give four
examples of each.

List five important elements of an emergency response plan.
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Site Safety and Health Plan

INTRODUCTION

The Occupational Safety and Health Administration
(OSHA) regulations require the development of a written
site safety and health plan for each hazardous waste site
clean-up operation. The plan establishes the policies and
procedures necessary to protect workers and the public
from possible hazards at the site. The employer must
develop the plan before any work begins and must go
over the plan with every worker before anyone enters the
site to begin work. The plan must be revised and
updated whenever new information becomes available.
For this reason, the plan is known as a living document.
The plan must be kept on site and accessible to all
workers and their Union representatives.

By law, the Site Safety and Health Program is required
to designate one person at the site as the safety and
health officer (S&HO). Although the S&HO also may
have other duties, safety and health at the site are
his/her primary concern. The S&HO has the following
responsibilities:

* Ensure that the site safety and health plan is put into
action and followed. Ensure everything is being done
as the plan specifies.

* Answer workers’ questions regarding health or safety
problems.

Most of the cleanups that laborers will be involved in are
known as remedial actions and are nonemergency
situations. Remedial actions have the following
characteristics:

e They normally last a long time (months to years).

e They begin after the more immediate (emergency)
problems have been controlled.

e The work involves getting rid of the hazardous
materials and restoring the site to a normal condition.

Remedial actions involve a variety of activities.
Therefore, workers with different skills and crafts are
needed, as well as support facilities, crews, and
equipment.
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Site Safety and Health Plan

CONTENT

There is plenty of time before the clean-up work starts to
develop a thorough site safety and health plan. In fact,
the site safety and health plan is developed at the same
time as the site’s work plan. (The work plan explains the
actual clean-up process.) Usually by the time the actual
cleanup begins, the site has been thoroughly investigated
and studied. Also, the hazardous materials on the site
have been located, identified, and assessed for risks.

Even though a lot is known about the hazards on a site,
the site safety and health plan must provide for
unexpected site emergencies which may occur as the
work is being done. Being prepared for emergencies and
having plans is the best way to reduce or eliminate
possible injuries.

A great deal of background information is collected and
used to develop the site safety and health plan. This
information includes:

 Hazards at the site (chemicals, explosives, radioactive
materials, etc.).

e Surrounding populations and use of land

* Normal weather conditions

» Type of ground (topography) and soil

* Groundwater destination and flow (i.e., stream or
river)

Site safety and health plans are specific to each
hazardous waste site. Each plan will be different,
although all plans may contain similar types of
information. Regulations require that a site safety and
health plan must contain, as a minimum, the following
information:

o Safety and health risk or hazard analysis for each site
task described in the work plan. Information on all
known or suspected hazards shall be included.

e Level of worker training required, including any
special training that is needed.

6-4
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Site Safety and Health Plan

Level of personal protective equipment (PPE) to be
worn during the various site operations.

Site-specific medical monitoring requirements. OSHA
regulations describe the minimum medical monitoring
required. Employers may adopt stricter
requirements, but not more lenient ones.

Description of the program for periodic air
monitoring, personnel monitoring, and environmental
sampling. This program should cover the types and
frequency of monitoring, the monitoring instruments
used, calibration methods, and equipment
maintenance.

Site control measures, including site work zones, the
buddy system, site communication, and a site map.

Decontamination procedures for workers and
equipment.

Emergency response plan that includes instructions
on responding to site emergencies, handling injuries,
notifying appropriate response organizations, and
protecting personnel.

Steps and precautions to be taken before any confined
space can be entered.

Procedures to be followed for containing and isolating
spills.

SAFETY AND Once the presence of a chemical has been established,
HEALTH RISK then the physical and chemical properties can be
ANALYSIS identified using standard reference sources. These

sources also provide data on the specific health hazards
associated with the chemical, the permissible exposure

limits (PELs), and other important data. Examples of

these reference sources are:

Pocket Guide to Chemical Hazards published by the
National Institute of Occupational Safety and Health
(NIOSH).

© Laborers-AGC, June 2000

6-5



Site Safety and Health Plan

e Threshold limit values (T'LVs) published by the
American Conference of Governmental Industrial
Hygienists (ACGIH).

» Material safety data sheets (MSDSs).

The site safety and health plan explains the site specific
hazards and how they may affect a worker who’s exposed
to them. For example, during an initial site
characterization, benzene is found on a hazardous waste
site. The site safety and health plan would include the
following information on benzene:

e Prolonged inhalation of benzene may result in acute
effects, such as respiratory system irritation,
headaches, and nausea.

e Chronic effects from inhaling benzene include damage
to various organs and tissues, as well as cancer.

MSDSs and hazardous substance information forms
(HSIFs) provide information on the chemical, physical,
and toxic properties of each chemical known or suspected
to be present on a hazardous waste site. In addition, any
unique or unusual physical hazards present on the site
are identified. Physical hazards include confined spaces,
excavations, unstable ground, and bodies of water.

The last part of the risk analysis is a list of site activities
to be completed during the clean-up operation. Using the
activity list and the list of chemical and physical
hazards, the safe